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PREFACE 


This  Work  was  undertaken,  and  had  in  part  appeared  in 
the  pages  of  a  periodical  publication,  when  there  was 
rather  a  dearth  of  elementary  treatises  on  geology,  and 
before  so  many  had  been  sent  forth  by  some  of  the  first 
geologists  of  the  age,  that  to  add  to  their  number  may 
perhaps  appear  superfluous,  if  not  presumptuous.  Its  exten- 
sion and  publication,  in  a  separate  form,  has  been  deter* 
mined  on,  because  it  is  hoped  that  it  diifers  sufficiently 
in  its  plan  from  any  of  its  predecessors,  to  render  it  a 
humble  but  useful  auxiliary  to  works  which  it  does  not 
aspire  to  supersede. 

It  has  been  said  that  a  man  may  be  too  consummate 
a  mineralogist  to  make  a  good  geologist,  or,  in  other  words, 
that  the  constant  study  of  minute  details,  necessary  for 
the  discrimination  of  individual  minerals,  unfits  the  mind 
for  the  apprehension  of  the  sublime  generalizations  of 
geology;  but,  on  the  other  hand,  it  is  no  less  true,  that 
a  certain  amount  of  mineralogical  knowledge  is  an  essential 
requisite  to  the  successful  study  of  that  science.  It  is 
usual  for  the  authors  of  elementary  geological  books  to 
assume  that  their  readers  possess  this  knowledge,  or  to 
refer  them  for  it  to  arranged  cabinets  and  oral  instructors, 
and  there  can  be  no  doubt  that  they  who  have  such  adyan- 
tages  within  their  reach  will   find  in  them  the  readiest 
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means  of  acquiring  information ;  but  what  are  those  readers 
to  do— -and  they  are  numerous — to  whom  they  are  inac- 
cessible? Residing  in  remote  parts  of  the  country,  and 
surrounded  by  interesting  phenomena,  they  have  heard 
rumours  of  some  of  the  wonders  of  geology,  and  are  anxious 
to  examine  for  themselves  the  truth  of  facts  on  which  liave 
been  founded  inferences  so  much  opposed  to  received  opi- 
nions respecting  the  relative  antiquity  of  the  earth  and  the 
human  race.  They  purchase  some  of  the  best  elementary 
books,  and  read  therein  of  substances  perhaps  daily  before 
their  eyes,  but  which  they  are  unable  to  recognize,  as 
names  only  are  given  them,  and  there  is  no  one  at  hand 
capable  of  pointing  them  out.  The  consequence  is,  that, 
meeting  with  these  difficulties  in  the  very  outset  of  their 
career,  they  either  abandon  the  pursuit  as  hopeless,  or,  if 
they  do  not  sit  down  to  write  a  refutation  of  geology,  rush 
at  once  into  its  obscurest  regions,  and  are  discussing  the 
amount  of  carbonic  acid  contained  in  the  atmosphere  when 
the  coal  strata  were  deposited,  or  inventing  causes  by  which 
a  change  of  climate  may  have  been  produced,  while  they 
cannot  distinguish  quartz  from  felspar,  are  ignorant  whether 
their  house  is  built  of  sandstone  or  syenite,  and  whether 
it  stands  upon  grauwacke  or  the  lias.  Students  so  circum* 
stanced  must  repair  to  the  cabinets  of  the  great  museum 
of  Nature :  in  the  rocks  around  them,  or  in  the  transported 
gravel,  they  will  find  specimens  of  almost  all  the  simple 
minerals,  and  their  combinations,  which  it  is  essential  for 
them  to  know ;  they  must  be  their  own  instructors, — the 
blowpipe  and  chemical  tests  their  chief  resource, — «nd  they 
'  may  be  assured,  that  with  such  BidB^-^-ea^perto  credite — ^mode* 
rate  perseverance  will  enable  them  to  surmount  all  the 
difficulties  which  beset  the  commencement  of  their  path. 
It  is  for  the  use  of  si)oh  students  tihat  the  chemical  and 
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mineralogical  details,  which  may  appear  dry  and  uninte« 
resting  to  those  ivho  read  merely  for  amusement,  have 
been  collected  from  various  sources. 

In  the  purely  geological  part  of  the  Work,  it  has  been 
the  writer's  aim  to  confine  himself  to  facts  and  classifi* 
cations,  and  those  limited  inferences,  which  have  receiyed 
the  assent  of  all  geologists,  keeping  out  of  sight,  as  much  as 
the  nature  of  the  subject  will  permit,  questions  affecting 
the  higher  generalizations  which  are  still,  and  must  long 
continue,  matters  of  controversy.    This,   however,  is  not 
always  possible,   so  insensible  is  the  gradation  by  which 
descriptive  geology  passes  into  geological  dynamics.     In 
one  instance,  wherein  this  course  has  been  deviated  from^ 
the  deviation  has  been  intentional,  because  the  existence-^ 
which  some  deny — of  an  erratic  block  period  at  the  close 
of  the  tertiary  era,  is  a  point  of  considerable  importance 
in  a  detail  of  facts  and  classifications,  and  because  its  esta^ 
blishment  will  settle  one  of  the  most  important  questions 
on  which  geologists  are  at  present  divided ;  for  if»  in  our 
progress  from  the  known  to  the  unknown,  from  the  present 
state  of  nature  to  the  past,  we  meet  at  the  very  first  step 
with  a  deposit  which  it  is  clear  must  be  due  to  forces  of 
greater  intensity  than   those  now  in  action,   there  is  an 
end  to  the  assertion   of  the  uniformity  of  the  existing 
course  of  nature  through  all  periods  of  the  earth's  physical 
history ;  and  the  establishment  of  such  a  fact  will  be  tanta- 
mount to  a  decision  in  favour  of  those  who  ascribe  the 
whole  series  of  geological  phenomena  to  long  periods  of 
ordinary  aqueous  and  igneous  action,  interrupted  by  occa- 
sional paroxysms  of  extraordinary  energy. 

Another  reason  why  this  part  of  the  subject  has  been 
treated  at  greater  length  than  may  seem  consistent  with 
the  professed  plan  of  the  Work,  is  that  the  recent  researches 
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and  discassions '  connected  with  diluvial  phenomena  consti- 
tute ojle  of  the  few  departments  of  original  investigation 
in  which  the  writer  of  these  pages  can  claim  a  share. 

y  A  few  words  are  necessary'  on  two  subjects,  to  which 
JBOme  spiEice  has  been  devoted  in  the  early  part  of  the 
volume,  but  which  in  similar  works  are  in  general  passed 
over  without  notice,  or  only  slightly  glanced  at. 

He  who,  engaged  in  the  active  business  of  life,  seeks 
his  recreation  in  the  study  of  this  fascinating  science,  must 
be  prepared  to  encoimter  the  censure  and  the  ridicule  of 
two  opposite  classes;  those  who  deem  the  pursuit  of  riches, 
and  those  who  deem  the  pursuit  of  pleasure,  the  great  end 
of  man's  being.  The  one  will  accuse  him  of  wasting  every 
moment  not  employed  in  the  acquisition  of  wealth — of 
wealth  which  he  who  has  spent  his  whole  life  in  accumu- 
lating it,  finds  too  late  that  he  knows  not  how  to  enjoy, 
because  the  incessant  pursuit  of  gain  has  absorbed  the  whole 
of  his  faculties  and  stinted  all  mental  cultivation:  the 
other  class  will  charge  him  with  mis-spending  time  which 
they  would  not  deem  ill  applied  to  sports  of  the  field  or 
gahies  of  chance,  to  bacchanalian  revels  or  party  squabbles. 
To  remove  these  prejudices  is  the  object  of  the  second 
chapter.  They  are,  however,  fast  subsiding,  while  a  sense 
of  the  practical  value  of  geology  and  its  kindred  sciences  is 
daily  gaining  ground:  witness  the  establishment  by  the 
government,  of  the  Museum  of  Economic  Geology — the 
rapid  increase  of  local  museums  of  natural  history,  and  the 
strenuous  efforts  which  have  been  made,  hitherto  in  vain,  but 
which,  must  ere  long  succeed,  to  found  a  School  of  Mines 
in  Cornwall. 

There  are  others,  however,  more  entitled  to  respect 
than  the  two  classes  above  mentioned  who  look  on  geology 
with  an  evil  eye.    The  incontrovertible  conclusions  from 
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well-established  facts  respecting  the  high  antiquity  of 
the  earth  are  viewed  with  opposite  feelings  by  persons  of 
different  characters.  Some  hail  with  delight  the  apparent 
discrepancy  between  the  truths  of  geology  and  the  Mosaic 
account  of  the  creation  of  man ;  while  in  others,  who  hear 
only  of  the  conclusions  and  will  not  examine  the  facts  on 
which  they  rest,  they  excite  feelings  of  disappointment  and 
regret,  and  of  aversion  towards  the  science  and  its  culti- 
vators. It  appears  the  duty  of  every  sincere  believer  in 
the  truth  of  Revelation,  who  attempts  the  diffusion  of 
geological  knowledge,  to  place  this  question  in  its  true  light. 
To  accomplish  this — ^to  deprive  the  infidel  of  a  specious 
argument — ^to  wrest  from  his  grasp  a  weapon  which  can 
only  be  dangerous  if  we  manifest  a  dread  of  it  or  rush 
incautiously  upon  it — and  at  the  same  time  to  remove 
from  the  minds  of  others,  prejudices  which  prevail  among 
some  of  the  writer's  most  intimate  and  valued  friends  to 
such  an  extent  as  almost  to  obscure  the  charities  of  life, 
were  the  motives  which  dictated  the  third  chapter.  It 
was  written  and  had  appeared  in  the  Periodical  already 
alluded  to,  before  the  publication  of  the  Scripture  and 
Geology  of  Dr.  Pye  Smfth,  or  to  that  work  it  would  have 
been  sufiicient  to  refer. 

The  collection  of  the  mass  of  facts  and  inductions 
which  constitute  descriptive  geology,  necessarily  implies 
compilation,  and  the  labour  of  this  has  been  rendered 
comparatively  light  by  those  who  have  preceded  me.  The 
Outlines  of  Conybeabe,  the  Manual  of  De  la  Beche,  the 
Guide  and  the  two  Treatises  of  Phillips,  together  with 
his  Geology  of  Yorkshire^  the  Elements  and  the  Principles 
of  Lyell,  have  been  consulted,  as  well  as  the  Transactions 
and  Proceedings  of  the  Geological  Society^  in  which  the 
fruits  of  their  original  researches,  with  those  of  Buckland, 
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and  Sedgwick,  and  Murchison,  of  Fitton,  and  Greenough, 
and  Mantell,  of  Scrope,  and  Daubeny,  constitute  so  vast 
a  portion  of  the  rich  stores  of  inductive  geology. 

For  chemistry  and  mineralogy  recourse  has  been  had 
to  Turner's  Elements  of  Chemistry^  Werner's  Estemd 
Characters  of  Minerals^  the  Introduction  to  Mineralogy  of 
W.  Phillips,  the  Mineralogy  of  Mohs,  the  Traite  de 
MinSraloffie  of  Beudant,  and  Griffin  on  the  Use  of  the 
Blowpipe. 

With  respect  to  the  wood-cuts  with  which  the  Work 
is  illustrated,  the  shells  are  taken,  with  a  few  exceptions, 
from  Sowerby's  Minei*al  Conchology;  the  {slants  from  the 
Fossil  Fhra  of  Lindley  and  Hutton;  the  crinoidea  and 
corals  from  the  Petrefactenkunden  of  GtOLDFUSs;  the  crus- 
taceans from  the  Work  of  Brononiart  and  Desmarest, 
Sur  les  Crtistaces  Fossiles. 

It  now  only  remains  to  bid  the  young  geologist  good 
speed  in  the  career  to  which  he  is  invited.  Napoleon 
put  muskets  into  the  hands  of  his  conscripts  and  sent 
them  to  the  field  of  battle  to  learn  the  art  of  war.  I 
would  bid  those  recruits,  which  it  is  the  object  of  these 
pages  to  levy  for  the  service  of  geology,  shoulder  their 
hammers  and  march  on  to  victory.  When  once  they 
have  broken  ground  and  determined  for  themselves  the 
names  of  a  few  minerals,  they  will  feel  no  inclination  to 
draw  back.  The  Map  of  the  British  Isles  by  Phillips 
will  indicate  their  geological  position,  and  the  formations 
which  may  be  expected  to  occur  within  a  few  miles  east 
or  west  of  it.  Organic  remains  will  soon  attract  their 
attention,  and  they  ought  as  speedily  as  possible  to  make 
themselves  acquainted  with  at  least  the  genera  of  recent 
and  fossil  shells.  There  was,  till  lately,  a  great  want  of 
works  on  this  department  of  science  which  were  not  too 
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costly  for  the  majority  of  students;  but  this  want  has  been 
supplied  by  the  Maniml  of  Coiichology  of  Sowerby  and  the 
Malacology  of  Swainson,  in  Lardner*s  Cydopcedia.  To 
these  they  may  add  the  CoquiUes  Caracterhtiqties  des  Ter- 
rains  of  Deshayes.  As  the  science  opens  upon  them,  and 
they  begin,  as  they  soon  may,  to  make  discoveries  of  their 
own,  they  will  find  in  it  a  never-failing  source  of  interest 
and  amusement— charms  to  beguile  the  deepest  solitude 
and  the  dullest  hour — ^power  "to  soothe  all  sadness  but 
despair." 
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Page  110,  line  lO,  fw  soluble  or  deliqaeeoent ;  anbetanoct,  rtcA  aoluble 

or  deliqiieecent  mibstancot. 
178,   »    5,  /or  Pruasia,  nod  Roaaia. 
871,    .     7,  for  Hitobock,  rtad  HItohoock. 
878,    —  SO,  for  Cordora,  rtad  Cardona. 
314,    —   88,  for  different,  read  differed. 
339,   »  85,  for  Secondary  Sytttom,  r%ad  Secondary  Syatemii. 

378,  —  14, /or  gypenma,  read  gypaeona. 

379,  —  99,  for  eocene,  rtad  pliocene. 

404,   —    3,  fttnn  bottom,  for  and  exhorting  tbem  to  leare  for  the 
preaent  diq;>atedquestionaof  geological  dynamics 
to,  rtad  exhorting  them  to  leave  for  the  present 
disputed  queatkma  of  geological  dynamics,  and  to. 

414,    —   1A,  for  mired  in  theae  bogs,  rtad  mired  in  bogs. 

445,   —    it /ore,  rtad  e'. 
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placoid  fishes,  328 
Scaphites  obliquus,  329 
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leaf,  253 
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Tail,  peculiar  structure  of  the,  in 
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249 

Terebratula  camea,  326 

coarctata,  301 
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lyra,326 

plicatilis,  326 

maxillata,  301 

Trigonia  aliformis,  326 

gibbosa,  309 

Turrilites  costatus,  329 
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Voluta  ambigua,  357 
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EXPLANATION  OF  THE  FRONTISPIECE;! 


The  frontispiece,  for  the  design  of  which  I  have  to  acknowledger  jny.-. 

•*  •  • 
obligations  to  Mr.  Whichelo,  represents  the  condition  of  the  terraqueous  *.-. 

•*  ••• 
surface,  as  to  vegetation  and  vertebrated  animals,  during  four  remarkable  / 

geological  epochs.    In  the  lower  compartment  the  land  is  seen  clothed     '. 

with  lepidodendra^  sigillariffi,  and  other  plants  of  a  tropical  aspect  peculiar 

to  the  carboniferous  era,  which  are  described  in  the  thirteenth  chapter. 

The  only  contemporaneous  vertebrated  animals  at  present  known  are  fishes, 

all  distinguished  by  the  continuation  of  the  vertebral  column  into  the  upper 

lobe  of  a  tail  divided  into  two  unequal  lobes.     Some  of  them  were  of  great 

size,  exhibiting  a  higher  organization   than   the   majority  of  the  fishes 

belonging  to  more  recent  epochs,  and  indicating  an  approach  to  the  saurian 

structure.    (See  page  248.)     From  the  prevalence  of  these  large  sauroid 

fishes,  this  may  be  called  the  megalichthian  age. 

The  poikilitic  era,  during  which  true  saurians  first  make  their  appear- 
ance, is  passed  over  because  of  the  paucity  of  its  organic  remains;  and  the 
second  compartment  from,  the  bottom  exhibits  the  flora  and  f&una  of  the 
oolites. 

The  vegetation  is  still  impressed  with  a  tropical  character,  but  consti- 
tutes a  different  group,  both  as  to  genera  and  species,  from  that  of  the 
coal  strata. 

The  ichthyosaur  and  plesiosaur  are  seen  sporting  in  the  waters,  croco- 
diles basking  on  the  shores,  the  bat-like  pterodactyls  flitting  through  the 
air,  and  the  huge  iguanodon  feeding  on  ferns,  clathraria^  and  cycadee. 
This,  which  may  be  called  the  saurian  age,  terminates  in  the  cretaceous 
system,  of  which  the  lower  beds  alone  contain  any  of  these  strange  reptiles, 
while  the  supracretaceous  strata  afford  genuine  crocodiles,  approaching  to 
existing  types.     (See  Chapter  XV.) 

The  cretaceous  era  is  passed  over  like  the  poikilitic  because  its  charac- 
teristic fossils  are  exclusively  marine,  and  the  third  compartment  exhibits 
the  plants  and  animals  of  the  early  tertiary,  eocene,  or  palseotherian  age. 

The  vegetation  still  indicates  a  high  temperature  in  the  latitudes  of 
London  and  Paris,  by  the  prevalence  of  palms  intermixed  with  conifer® 
and  other  exogenous  trees,  approaching  the  character  of  existing  species. 

Extinct  genera  of  the  pachydermatous  order  of  mammals  abound;  of 
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these  the  ]UM)protherium  commune,  as  restored  hy  Cuvier,  is  seen  on  the 
left,  and  be^ni  him  are  palaeotherium  magnum  and  pal^otherium  minus ; 
near  th^.lMer  is  a  knd  tortoise ;  and  it  appears  from  recent  discoveries 
that  ihojikeys  might  have  been  represented  gamboling  on  the  boughs,  and 
\^oas  cOiled  around  the  trunks  of  the  trees.  Birds,  of  which  some  traces 
occtir  in  older  strata  (the  new  red  sandstone,  the  wealden,  and  the  chalk), 
/•'^ 'now  abundant. 

*./**    The  volcano  in  the  distance  represents  the  craters  of  Auvergne,  at 
**  present  dormant,  some  of  which  commenced  their  action  towards  the  close 
of  this  era,  and  afford  the  first  decided  evidence  of  subaerial  eruptions. 

The  upper  compartment  exhibits  the  elephantoid  age.  In  the  fore- 
ground are  seen  the  elephant,  rhinoceros,  and  hippopotamus  (pachjder- 
mata  of  existing  genera,  but  extinct  species),  which  commenced  with  the 
miocene  or  middle  tertiaries,  and  disappeared  from  Europe  at  the  erratic 
block  period;  in  the  background  are  placed  the  stag,  ox,  and  horse,  to 
intimate  the  extensive  developement  of  those  genera  during  the  pliocene 
era.  The  hyena  entering  his  den  indicates  the  increase  of  camivora 
during  this  period,  and  the  accumulation  of  mammalian  bones  in  caverns. 
The  forests  consist  of  oak,  fir,  birch,  poplar,  and  other  trees,  closely 
approaching,  if  not  identical  with,  indigenous  European  species.  The 
distant  volcano  represents  the  greater  part  of  the  eruptions  of  Central 
France,  of  the  Rhine,  Catalonia,  and  Hungary,  which  appear  to  have 
taken  place  during  the  miocene  and  pliocene  epochs. 
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Chapter  I. 

INTRODUCTION. ' 

Geology — connected  tclth  all  the  sciences — yet  adapted  for  popular 
study. — Iliyk  antiquity  of  the  earth — it  has  been  inhabited  by 
many  successive  creations  of  plants  and  animals, — Recent  oriyin 
of  Man, — There  is  no  indefinite  succession  of  geological  pheno- 
mena,— Existing  and  extinct  organic  bodies  constitute  one  great 
chain  of  being^  the  work  of  one  and  the  same  contriving  Intel- 
ligence. 

Sir  John  Herschel  has  said  of  Geology,  or  the  science  of  the  earth, 
that  ill  the  magnitude  and  sublimity  of  the  objects  of  which  it 
treats,  it  ranks  in  the  scale  of  the  sciences,  next  to  Astronomy ;  to 
which  we  may  add,  that  it  will  ever  be  more  generally  cultivated, 
because  a  knowledge  of  it  is  more  easily  attainable.  It  may  be 
successfully  pursued  without  that  severe  preparatory  discipline  of 
mathematical  study  which  is  required  of  the  votaries  of  astronomy, 
before  they  can  advance  even  to  the  threshold  of  her  temple.  In 
making  this  assertion,  it  is  by  no  means  intended  to  deny  the 
dependence  of  geology  on  the  other  sciences ;  on  the  contrary,  it  is 
admitted  that  he  who  would  be  a  perfectly  accomplished  geologist, 
ought  to  be  familiar  with  the  whole  circle  of  them.  He  ought  to 
be  thoroughly  versed  in  mathematics  and  general  physics,  in  order 
that  he  may  know  what  are,  and  what  are  not,  sound  data  on  which 
to  found  his  inferences — he  ought  to  be  skilled  in  mineralogy,  that 
he  may  know  the  proximate  constituents  of  rocks.  Of  the  general 
results  of  chemistry  ho  must  not  bo  ignorant,  and  he  will  find  it  a 
great  advantage  to  be  expert  in  chemical  analysis.  The  organio 
remains  entombed  in  the  strata,  will  make  constant  demands  upon 
him  for  a  knowledge  of  zoology  in  all  its  branches,  and  in  particular 
he  ought  to  possess  such  an  intimate  acquaintance  with  those  nice 
distinctions  which  constitute  specific  differences  in  conchology,  as  of 
itself  requires  the  study  of  a  whole  life,  and  such  a  profound  know- 
ledge of  comparative  osteology,  as  enabled  Cuvier,  from  the  exami- 
nation of  detached  bones,  to  remodel  the  entire  skeletons  of  animals 
of  unknown  genera;  such  is  the  harmony  of  proportion,  the  adap- 

n 


•  • 


•    •    • 


INTRODUCTIOX. 


'  •-  • 


•••  ". 


•  • 


tation  of*4i^^ns  to  ends,  and  of  parts  to  uses,  which  the  wisdom  of 
the  Cseator'has  manifested  in  the  structure  of  organic  bodies.     Tiie 
geoloejf8l*ought  moreover  to  be  a  botanist  of  the  highest  order,  and 
in.t]^e*ihost  extensive  sense  of  the  term.     He  ought  to  be  able  not 
mbreiy  to  refer  a  plant  to  its  place  in  some  artificial  system,  by 
'•oQunting  its  stamina, — a  process  which  he  will  rarely,  if  ever,  have 
,  ••..art  opportunity  of  applying  to  the  fossil  vegetation  of  former  worlds, 
'•/*.* — he  ought  to  be  able,  from  the  examination  of  a  stem,  a  leaf,  or  a 
{'•    seed-vessel,  to  determine  the  natural  group  to  which  the  plant 
belongs,  and  by  pointing  out  its  habits,  to  throw  light  on  the  cir- 
cumstances under  which  the  stratum  containing  it  was  deposited. 
He  ought,  moreover,  to  be  a  good  draughtsman,  and  a  skilful  practical 
surveyor. 

Acquirements  so  varied  and  extensive  as  these  are  attainable 
by  few,  and  yet  much  may  be  done  in  geology  with  a  very  limited 
proficiency  in  these  branches  of  knowledge.  Without  a  very  pro- 
found acquaintance  with  any  of  them,  we  may  master  all  the  facts 
of  the  science,  and  all  the  inferences  deducible  from  them,  and  what 
is  more,  we  may  be  qualified  to  institute  active  original  research, 
and  to  enroll  our  names  on  the  list  of  those  who  have  added,  by 
their  discoveries,  to  the  sum  of  human  knowledge, — for  geology  is 
a  science  of  observation, — it  is,  moreover,  a  young  and  advancing 
science,  many  of  whose  data  remain  to  be  collected,  and  in  the 
collection  of  them  there  are  few  who  cannot  assist.  When  we  know 
about  a  dozen  of  the  most  common,  simple  minerals, — ^when  we  can 
recognise  their  combinations  in  rocks, — when  we  know  the  technical 
terms  of  the  science,  and  can  distinguish  crystalline  from  sedimen- 
tary, stratified  from  unstratified  rocks, — and  when  we  know  the 
order  in  which  the  strata  composing  the  eartVs  crust  succeed  each 
other,  we  are  qualified  to  examine  nature  for  ourselves,  and  to  study 
geology,  where  it  is  best  studied,  in  the  field.  We  require  not  the 
expensive  observatory  or  laboratory  of  the  astronomer  or  the  chemist, 
— all  we  want  is  a  good  hammer,  and  a  strong  arm  to  use  it ;  active 
legs,  a  quick  eye,  and  sufficient  common  sense  to  enable  us  to  reason 
upon  what  we  see.  For  the  rest  we  may  trust  to  the  assistance  of 
our  fellow-labourers,  and  to  that  community  of  feeling  by  which 
they  are  ever  animated ;  for  geology  is  eminently  a  social  science, 
and  the  great  and  rapid  advances  which  it  has  made  within  the  last 
few  years,  are  in  a  great  measure  to  be  attributed  to  that  division 
of  labour,  and  that  mutual  co-operation  which  can  only  be  effected 
by  numbers  acting  in  concert. 

*'  These  volumes,**'  says  Mr.  Murchison,  speaking  of  the  Trans- 
actions of  the  Geological  Society  of  London^  "must  ever  be  valuable, 


INTRODUCTION. 


as  the  true  records  of  our  scientific  progress ;  but  great  as  may  have 
been  the  acquirements  of  their  authors,  few  indeed  are  the  memoirs 
which  have  been  completed  without  the  aid  of  other  distinguished 
fellows  of  the  society,  who,  each  in  the  branch  of  natural  know- 
ledge for  which  he  stands  preeminent,  comes  to  the  assistance  of 
his  wandering  associate,  and  enables  him  to  clothe  his  memoir 
in  an  appropriate  dress.  For  where  is  the  working  geologist  who, 
unassisted,  can  unravel  the  delicate  and  obscure  complications  of 
fossil  organic  structure!  Do  his  fossil  shells  require  to  be  iden- 
tified, has  he  not  the  assistance  of  a  Sowerby  i  and  if  these  types 
of  a  former  state  of  nature  call  for  a  comparison  with  existing 
species,  is  not  a  Broderip  ever  prompt  in  affording  him  the  result 
of  experienced  discernment,  and  in  unfolding  the  riches  of  his 
tmrivalled  cabinets !  If  he  meet  with  difficulties  in  the  determi- 
nation of  Mammalia,  are  not  a  Mantell  and  a  Clifil  at  hand,  to 
explain  their  relations,  and  define  their  characters?  Or  if  bewil- 
dered in  the  obscurity  of  fossil  vegetation,  is  he  not  assisted  by  a 
Lindley  I  Have  not,  in  fine,  a  Turner,  a  Prout,  a  Faraday,  and  a 
Herschel  been  willing  instruments  in  enabling  him  to  explain  those 
laws  of  chemical  change,  without  which  the  recondite  parts  of  the 
science  might  have  remained  in  utter  darkness !  Surely  every  con- 
tributor to  our  Transactions  will  acknowledge  with  gratitude  the 
aid  he  may  have  received  from  several  of  our  most  gifted  members, 
who,  unambitious  of  personal  fame,  have  been  contented  with  the 
delightful  consciousness  of  being  sure,  though  silent,  instruments  in 
urging  on  the  advance  of  truth.  It  is  this  kindly  principle  of  co- 
operation, this  true  latent  heat  of  the  Geological  Society,  so  ready 
to  manifest  itself  on  every  occasion  fitted  to  call  it  forth,  which, 
warming  and  vivifying  our  endeavours,  gives  to  our  proceedings 
their  consistency  and  their  strength,  and  enabling  us  to  grapple 
with  our  hundred-headed  science,  constitutes  the  mainspring  of  our 
prosperity*." 

If  geology  yields  to  astronomy  in  the  sublimity  of  the  objects  of 
which  it  treats,  and  in  being  unable  at  present  to  bring  its  truths 
within  the  pale  of  mathematical  demonstration,  it  possesses  this 
advantage,  as  a  science  for  popular  study, — that  it  presents  them 
to  us  in  a  more  palpable  shape.  One  of  the  first,  and  hardest  lessons 
which  we  have  to  learn  of  the  astronomer,  is  to  discard  impressions 
founded  on  what  we  deem  the  evidence  of  our  senses.  Misled  by 
these,  wo  have  been  accustomed  to  consider  the  earth  as  at  rest, 
and  the  sun  as  making  a  daily  circuit  round  it.  The  astronomer 
demonstrates  the  contrary  of  this,  and  corrects  our  notions  as  to  the 
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relative  size  of  the  celestial  bodies.  He  determines  the  figure  of  the 
earth,  and  the  form  of  the  orbit  in  which  it  moves,  and  ascertains 
the  velocity  of  its  daily  and  annual  motion.  He  determine^  the 
maprnitude  of  the  sun,  and  its  distance  from  us,  and  shows  us  other 
planets  revolving  round  it,  with  their  attendant  satellites,  and  obey- 
ing the  same  laws  which  regulate  the  motions  of  that  which  we 
inhabit.  He  pushes  his  discoveries  to  the  utmost  verge  of  the  visible 
creation ;  and,  by  the  aid  of  powerful  optical  instruments,  resolves 
those  twinkling  points,  which  we  call  the  fixed  stars,  into  groups  of 
suns  moving  round  each  other  in  "mystic  dance;"  and  he  demon- 
strates that  those  laws  of  gravitation,  which  regulate  the  fall  of 
bodies  on  the  earth,  are  universal  laws,  which  are  obeyed  in  the 
remotest  system  of  worlds  within  the  reach  of  mortal  ken.  He  can 
not  only  calculate  the  motions  of  the  bodies  composing  the  planetary 
system,  and  point  out  their  relative  positions  for  any  period  of  past 
or  future  time,  but  he  can  predict,  within  a  few  hours,  the  return 
of  those  mysterious  wanderers,  whose  course  extends  into  tlie  regions 
of  space,  far  beyond  the  remotest  planet  of  our  system,  and  whose 
periodic  times  are  measured,  not  by  days,  but  by  years. 

It  may  be  well  said  that  in  all  this  there  is  an  overwhelming 
sublimity.  The  distances  treated  of  are  so  immense,  and  the  time 
required  to  complete  some  of  the  celestial  cycles  so  vast,  that  they 
elude  the  grasp  of  our  comprehension ; — we  may  talk  about  billions 
and  trillions  of  miles,  and  myriads  of  years,  but  we  have  scarcely 
a  less  vague  conception  of  them,  than  wo  have  of  infinity  of  space, 
and  eternity  of  time.  Geology,  on  the  contrary,  appeals  directly 
to  our  senses.  She  lays  open  the  ground  on  which  wc  tread, 
and  convinces  us,  that  the  vast  secular  periods  of  the  astronomer, 
which,  with  him,  are  mere  abstract  arithmetical  truths,  which 
he  cannot  prove  to  have  had  an  actual  existence,  may  all  have 
been  required  for  the  production  of  those  changes  on  the  surface 
of  our  globe  of  which  we  witness  the  monuments.  She  proves 
that  our  present  continents,  with  the  most  elevated  of  their  moun- 
tains, were  formed  at  the  bottom  of  the  ocean ;  and  that  our 
hardest  rocks  were  once  sand,  and  gravel,  and  mud  derived  from 
the  wearing  down  of  land  no  longer  in  existence.  She  points  to  a 
bed  of  rock,  a  few  feet  in  thickness,  teeming  with  the  remains  of 
organic  life;  and,  from  the  successive  generations  of  individuals 
which  it  contains,  and  from  other  indications,  into  which  we  will 
not  at  present  enter,  proves  that  a  very  long  period  must  have  been 
required  for  its  formation.  She  then  conducts  us  through  a  vast 
series  of  similar  submarine  deposits  five  or  six  miles  in  depth  (how 
exposed  to  our  view  will  be  explained  hereafter)  abounding  with  tho 
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remains  of  plants  and  animals,  and  containing,  not  only  the  relics  of 
successive  generations  ,of  individuals,  but  of  successively  created 
races,  each  group  of  strata  having  its  peculiar  group  of  organic 
remains.  She  unfolds,  page  after  page  of  this  great  book,  this 
wondrous  record  of  the  changes  our  earth  has  undergone,  and  of  the 
tribes  of  beings  by  which  it  has  been  peopled  during  a  series  of 
periods  of  long  but  unknown  duration,  before  it  was  inhabited  by 
man.  She  first  leads  us  to  those  formations  now  in  progress  in 
which  he  and  his  works  are  imbedded,  together  with  the  remains  of 
the  contemporary  species  of  plants  and  animals. 

This  page  of  the  world'^s  history  is  soon  read,  and  man  is  found  to 
be  but  a  creature  of  yesterday,  compared  with  the  globe  he  inhabits, 
and  with  the  other  beings  with  which  it  has  been  peopled.  Tho 
very  species  of  plants  and  animals  now  existing  are  found  to  have 
been  called  into  being  before  him,  for  their  remaius  occur  in  older, 
that  is  in  deeper  strata.  The  remains  of  existing  species  are  gradu- 
ally intermixed  with  those  of  species  that  have  vanished  from  the 
face  of  the  earth.  The  proportion  of  extinct  species  increases  as  wo 
descend.  We  come  to  lower  beds  still,  in  which  not  only  extinct 
species  occur,  but  extinct  genera.  The  forms  of  organic  life  recede 
more  and  more  from  existing  types,  and  they  diminish  in  number  in 
the  lower  rocks,  till,  at  last,  we  lose  all  traces  of  them  entirely. 
During  our  progress  through  this  vast  series  of  rocks,  evidently  of 
submarine  formation,  we  meet  with  others  bursting  through  them, 
which  are  as  clearly  of  igneous  origin,  and  derived  from  below.  The 
lowest  rocks  we  meet  with  are  of  this  igneous  character,  and  contain 
no  organic  remains.  It  may  be  that  we  have  reached  the  records  of 
a  period  when  the  world  was  unfit  for  the  support  of  animal  and 
vegetable  life.  It  may  be  that  the  earlier  pages  of  its  history  have 
been  torn  out,  and  that  the  rocks  in  question  once  contained  the 
remains  of  still  older  races,  but  that  all  traces  of  them  have  been 
obliterated,  by  the  fusion  to  which  the  rocks  have  been  exposed.  At 
all  events,  we  have  reached  the  dark  ages  of  the  earth^s  history,  and 
we  close  the  book. 

With  speculations  on  the  creation  of  the  world, — on  the  mode 
in  which  it  was  reduced  from  a  chaotic  state, — and  of  the  causes 
which  gave  to  it  its  present  figure,  we  have  nothing  to  do.  They 
were  favourite  themes  with  the  geologists  of  former  days,  whose 
wild  reveries  threw  a  discredit  on  the  science,  from  which  it  was 
long  in  recovering,  even  after  its  votaries  began  to  walk  in  a 
more  sober  path.  Tho  cosmogonists,  as  they  are  called,  applied 
themselves  to  tho  invention  of  modes  in  which  worlds  might  bo 
created,  with  an  industry  which,  if  applied  to  the  observation  of 
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phenomena  in  the  world  around  them,  might  have  led  to  important 
knowledge.  But  that  was  too  humble  a  task  for  them.  They 
preferred  the  field  of  imagination,  and  all  their  labours  in  that  field 
tended  but  to  bring  chaos  back  again.  In  contemplating  their 
worlds,  it  would  seem  as  if  "  nature^s  journeymen  had  made  theni,^ 
and  had  "  not  made  them  well.""  And  yet  they  arrogated  to  them- 
selves a  command  over  all  the  powers  of  nature,  and  they  were  not 
sparing  in  their  use  of  them.  They  made  the  globe  solid  or  hollow, 
-^they  filled  it  with  water,  or  matter  in  a  state  of  fusion,  as  it  suited 
their  purpose, — they  changed  its  axis  of  rotation  at  pleasure, — ^and 
when  they  were  in  difficulties  they  called  in  the  aid  of  a  comet, 
sometimes  to  produce  a  deluge,  sometimes  a  conflagration. 

But  the  day  for  this  mode  of  philosophizing  passed  away,  and 
geology,  for  the  last  half-century,  has  been  a  science  of  observation 
and  induction,  not  of  invention.  Geologists  now  wisely  Umit  them- 
selves to  an  investigation  of  the  crust  of  the  earth;  and  vast  as  a 
series  of  deposits  five  or  six  miles  in  thickness  may  appear  to  us,  the 
proportion  it  bears  to  the  diameter  of  the  earth  is  only  as  1  to  1600. 
The  paper  covering  a  globe  sixteen  inches  in  diameter,  is  nearly 
thick  enough  to  represent  it.  The  series  of  rocks  containing  organio 
remains  is  found  to  rest  upon  rocks  which  are  destitute  of  them,  and 
which  bear  evident  marks  of  having  been  in  a  state  of  fusion.  Tho 
lowest  rocks  we  meet  with  are  of  this  igneous  character.  We  know 
that  lower  still  subterranean  fires  are  in  full  activity,  giving  rise  to 
volcanos  and  earthquakes,  and,  from  the  great  areas  over  which  the 
shocks  of  the  latter  are  simultaneously  felt,  it  is  probable  that  the 
source  of  internal  fire  is  deeply  seated.  The  mean  density  of  the 
earth  has  been  ascertained  to  be  twice  as  great  as  that  of  the  rocks  at 
the  surface;  and  supposing  the  interior  to  be  composed  of  materials 
equally  compressible  with  those  of  which  the  crust  consists,  the  pres- 
sure to  which  the  central  parts  are  subject  would  cause  the  mean 
density  to  be  much  higher  than  it  is  found  to  be.  A  large  portion 
of  the  interior  must,  therefore,  be  occupied  by  cavities, — or  must  con- 
sist of  less  compressible  materials  than  the  rocks  of  the  surface,-^ 
or  there  must  be  some  expansive  force  within,  capablp  of  counter- 
acting the  eflect  of  pressure.  Central  fire  may  be  this  counteracting 
force.  This  is  all  we  know  of  the  interior  of  the  earth,  and  perhaps 
all  we  ever  shall  know. 

Astronomers  have  declared,  that  they  can  discover,  in  the  planetary 
system,  no  evidence  of  a  period  when  it  differed  materially  from  its 
present  state.  They  do  not  deny  that  it  had  a  beginning,  but  they 
tell  us  that  they  can  discover  no  traces  of  that  beginning,  neither  can 
they  see  any  prospect  of  an  end.    He  who  made  it  can  doubtless 
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destroy  it,  but  its  destruction  will  arise  from  causes  unknown  to  us. 
It  contains  not  within  itself,  as  far  as  our  observations  extend,  the 
seeds  of  its  own  dissolution ;  for  it  has  been  demonstrated  that  all 
the  perturbations  which  can  be  produced  in  the  orbits  of  the  planets 
by  their  mutual  attractions  are  periodical,  and  range  within  certain 
limits,  slowly  increasing  during  the  long  lapse  of  ages;  then,  as 
slowly  diminishing,  and  never  deviating  widely  from  a  mean  state. 
The  machine,  therefore,  having  been  created  and  set  in  motion,  and 
having  been  so  constructed  as  to  be  capable  of  continuing  its  action 
through  all  eternity,  may  have  been  left  to  itself,  without  the  further 
active  interference  of  its  Divine  Author. 

The  researches  of  geology  lead  to  different  conclusions.  We 
find  that  our  planet  has  been  subject  to  great  and  repeated  changes; 
that  there  have  been  changes  in  the  condition  of  the  earth,  accom- 
panied by  corresponding  changes  in  organic  bodies,  adapting  them 
to  those  altered  conditions.  It  is  true,  that  in  his  investigation 
of  the  crust  of  the  globe,  the  geologist  is  as  little  able  as  the 
astronomer  to  perceive  evidence  of  the  beginning  of  things.  It  is 
even  doubtful  whether  he  is  able  to  carry  back  his  researches  to 
the  commencement  of  organic  life;  though  the  paucity  of  remains 
in  the  earlier  fossiliferous  strata  appears  to  favour  the  conclusion, 
that  the  still  older  stratified  rocks,  which  contain  no  organic  re* 
mains,  were  deposited  when  the  ocean  was  destitute  of  living  beings. 
It  is,  however,  certain  that  we  repeatedly  see  the  commencement 
of  new  races,  and  are  obliged,  again  and  again,  to  have  recourse 
to  a  supreme  Intelligence  and  a  creative  Power.  If  we  examine 
the  marine  remains  of  the  strata,  we  find  that  whole  genera  of 
shells,  which  in  the  present  seas  are  most  abundant  in  species, 
were  not  in  existence  till  after  the  chalk  was  deposited.  Other 
genera  again  originated  about  the  middle  of  the  series,  and  soon 
became  extinct,  being  represented  by  no  species  in  the  tertiary 
strata,  that  is,  the  strata  above  the  chalk.  These  new  creations 
supplied  the  place  of  other  races  which  perished;  for  some  genera 
are  peculiar  to  the  lower  groups  of  rocks,  not  a  single  species  of 
them  occurring  higher  in  the  series  than  the  coal-measures.  There 
are  a  few,  and  but  a  few,  genera  which,  commencing  in  the  lowest 
fossiliferous  strata,  have  endured  through  all  the  changes  to  which 
the  earth  has  been  subject,  and  have  species  existing  in  the  present 
seas.  The  changes  which  occurred  in  the  organization  of  fishes 
appear  to  have  been  greater,  and  more  rapid,  and  exhibit  a  wider 
difference  between  those  found  above  and  below  the  chalk,  than  is 
observable  in  the  case  of  molluscs. 

The  same  proofs  of  organic  changes  are  afforded  by  the  study  of 
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fossil  botany.  The  formations  containing  vegetable  remains  may  be 
arranged,  according  to  Professor  Henslow,  in  four  groups,  repre- 
senting epochs,  during  any  one  of  which  no  very  marked  difference 
is  observable  in  the  general  character  of  the  vegetation;  but  between 
any  two  of  these  groups  the  change  is  striking  and  decided,  most  of 
the  genera  being  different,  and  none  of  the  species  alike.  The  cha- 
racter of  the  fossil  vegetation  of  the  earlier  epochs  is  also  such  as  to 
warrant  the  conclusion,  that  the  plants  of  that  epoch  grew  under  a 
climate  both  hotter  and  moister  than  that  of  any  part  of  the  earth 
<it  present;  and,  since  even  in  Arctic  regions,  the  fossil  plants  are 
analogous  to  those  now  growing  under  the  tropics,  it  seems  probable 
that  light,  as  well  as  heat,  was  formerly  more  equably  diffused*. 

We  can  scarcely  be  said,  at  present,  to  have  sufficient  data  for 
determining  what  were  the  animals  inhabiting  the  land  while  the 
earlier  strata  were  being  deposited  at  the  bottom  of  the  sea.  It  was 
at  one  time  supposed  that  a  gradual  developement  of  organic  life 
might  bo  traced  through  the  series  of  formations  from  inferior  to 
higher  tribes,  from  beings  the  most  simple  to  those  of  the  most 
complex  structure.  It  was  thought,  for  instance,  that  the  lower 
strata  contained  only  the  remains  of  animals  without  a  vertebral 
column,  such  as  molluscs  and  crustaceans.  Of  the  former,  the 
oyster  and  the  whelk  may  be  adduced  as  familiar  examples;  of 
the  latter,  the  lobster  and  the  shrimp.  It  was  supposed  that  marine 
vertcbrated  animals  did  not  exist  till  after  the  coal- formation  was 
deposited;  nor  oviparous  reptiles,  such  as  lizards  and  turtles,  till  a 
somewhat  later  epoch;  and  that  warm-blooded  animals  and  birds 
were  not  created  till  after  the  chalk  was  deposited.  But  these 
views  have  been  greatly  modified  by  recent  discoveries.  The  infer- 
ence as  to  the  non-existence  of  fishes,  resting,  as  it  did,  upon 
negative  evidence,  has  been  entirely  subverted.  It  is  now  ascer- 
tained that  their  remains  occur  in  strata  of  all  ages,  each  group  of 
strata  being  characterized,  according  to  M.  Agassiz,  by  peculiarities 
in  the  structure  of  its  fishes;  and  though  the  remains  of  reptiles 
have  not  yet  been  found  so  low  as  the  coal-formation  they  have 
been  traced  down  to  the  magnesian  limestone,  immediately  above 
it;  which  gives  to  them  a  higher  antiquity  than  till  lately  they 
WTre  supposed  to  possess.  Again,  with  respect  to  the  remains  of 
warm-blooded  animals,  five  jaws,  belonging  to  at  least  two  species 
of  a  small  animal  resembling  the  didelphys,  or  opossum,  and  about 
the  size  of  a  mole,  have  been  found  in  the  calcareous  slate  of  Stones- 
field,  in  Oxfordshire,  a  stratum  considerably  below  the  chalk.  One 
fact  of  this  kind  is  of  more  value  than  a  host  of  negative  evidence, 

•  IIenslow,  in  Lardkfr's  CychpiBdia,  Botany. 
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and  it  is  triumphantly  appealed  to  by  those  geologists  who  contend 
for  the  uniformity  of  the  course  of  nature  from  the  earliest  epochs 
to  the  present  time.  It  is  evident,  they  say,  that  some  of  our  oldest 
rocks  have  been  derived  from  the  waste  of  pre-existing  land ;  and, 
as  that  land  appears  to  have  been  clothed  with  its  appropriate  vege- 
tation, we  have  no  right  to  suppose  that  it  was  destitute  of  its 
appropriate  animals.  A  great  ocean  like  the  Pacific,  interspersed, 
like  it,  with  small  islands,  appears  to  have  prevailed,  during  the 
formation  of  the  older  strata,  over  that  part  of  the  Northern  hemi- 
sphere in  which  are  situated  those  countries  whose  geology  has  been 
most  explored.  Small  oceanic  islands  do  not,  at  the  present  day, 
contain  many  mammalia,  while  they  are  wholly  destitute  of  the 
larger  kinds ;  and  the  discovery  of  such  remains,  in  an  oceanic 
sediment,  after  its  conversion  into  dry  land,  must  bo  an  event  of 
very  rare  occurrence,  for  however  abundant  mammalia  might  bo  on 
some  distant  continent,  by  the  rivers  of  which  their  carcases  would 
be  drifted  down,  yet  before  they  could  bo  floated  out  far  to  sea,  they 
would  be  almost  certain  to  be  devoured  by  the  carnivorous  monsters 
of  the  deep;  and  even  supposing  them  to  escape  this  fate,  tho 
chances  are  very  much  against  the  discovery  of  tho  spot  whero 
these  rare  remains  are  concealed  after  the  bed  of  the  ocean  shall  be 
laid  dry. 

Allowing  to  this  argument  its  due  weight,  we  must  observe,  that 
there  are  certain  tribes  of  mammalia  (as  the  whale  and  the  seal) 
which  are  peculiar  to  the  sea ;  and  the  imbedding  of  their  remains 
in  the  sediment  of  a  great  ocean  would  be  no  uncommon  event. 
Yet  no  traces  of  them  have  hitherto  been  found  in  tho  strata  below 
the  chalk*.  The  absence  therefore  of  the  remains  of  marine,  as  well 
as  of  terrestrial,  mammalia,  appears  favourable  to  the  conclusion, 
that  this  order  of  animals  was  not  created  until  an  epoch  compa- 
ratively recent,  though  that  epoch  is  proved,  by  the  Didelphoid 
remains  of  Stonesfield,  to  have  been  more  remote  than  we  formerly 
supposed.  We  must  likewise  observe  that  there  is  a  local  deposit, 
older  than  the  chalk,  but  more  recent  than  the  Stonesfield  slate, 
principally  confined  to  the  Weald  of  Kent  and  Sussex,  and  tlience 
named  the  Wealden,  which,  from  its  assemblage  of  fossils,  (derived, 
with  few  exceptions,  from  land  and  fresh  water,)  appears  to  have 
been  deposited  at  the  mouth  of  a  river ;  and,  from  the  extent  of  the 
formation,  that  river  must  have  drained  some  large  continent. 
Here,  then,  we  ought  to  find  the  remains  of  mammalia  if  that  class 
of  animals  were  as  abundant  in  tho  world  then  as  they  were  at 

•  The  bones  found  in  llie  Wealden,  and  described  by  Dr.  Buckland,  as  be- 
lon^ng  to  Cctacca,  arc  rcfcircd  by  Cuvicr  and  Mantell  to  some  unknown  Saurian. 


10  irfTRODUCTION. 

a  subsequent  period.  But  though  this  deposit  has  long  been  under 
the  examination  of  an  eminent  geologist,  celebrated  for  his  skill  in 
comparative  anatomy,  not  a  trace  of  such  remains  has  yet  been  dis- 
covered. On  the  contrary,  the  Wealden  exhibits  a  most  curious 
group  of  animals  as  inhabiting  the  shores  and  waters  of  the  river 
which  drifted  down  their  remains,  and  indicates  an  extraordinary 
devclopement,  during  that  era,  of  the  saurian,  or  lizard  family. 
They  seem  to  have  possessed  earth,  and  sea,  and  air.  Inhabiting 
the  sea,  there  was  the  ichthyosaurus,  a  creature  intermediate  between 
a  crocodile  and  a  fish, — having  the  snout  of  a  dolphin,  the  head  and 
teeth  of  a  crocodile,  the  doubly  concave  vertebrae  of  a  fish,  fitting  it 
for  rapid  motion  through  the  water,  and,  instead  of  fins  or  feet,  it 
had  four  paddles,  like  those  of  a  w^halc ;  w^hile  nearly  allied  to  it  in 
structure  was  the  plesiosaurus,  one  species  of  which  had  a  long  neck 
like  the  body  of  a  serpent.  These  creatures  appear,  from  their 
structure,  to  have  been  confined  to  the  sea,  and  never  to  have 
appeared  on  dry  land ;  but  there  were  amphibious  saurians,  of  the 
crocodile  and  alligator  families,  frequenting  the  rivers  and  estuaries 
in  company  with  tortoises  and  turtles;  and  there  were  pterodac- 
tyles,  or  flying  saurians,  together  with  a  groat  variety  of  gigantio 
terrestrial  saurians,  the  lord  of  whom  appears  to  have  been  the 
iguanodon,  a  creature  pronounced  by  Cuvicr  to  be  the  most  extraor- 
dinary that  had  ever  come  under  his  consideration.  It  was  an  herbi- 
vorous lizard,  of  colossal  proportions,  for  it  must  have  been  seventy 
feet  long,  and  nine  feet  high.  In  some  respects  its  teeth  bore  an 
analogy  to  those  of  the  iguana,  a  small  species  now  inhabiting  the 
West  Indies;  but  it  differed  from  all  other  herbivorous  lizards, 
either  fossil  or  recent,  in  having  chewed  its  food,  as  appears  by  the 
manner  in  which  its  teeth  were  worn,  whereas  other  herbivorous 
lizards  nip  or  crop  theirs,  and  swallow  it  without  mastication.  In 
short,  during  the  Wealden  era,  there  were  lizards  twice  the  size  of 
the  largest  elephant  or  rhinoceros,  approaching  them  in  the  character 
of  their  dentition,  and  apparently  occupying  their  place  in  the  eco- 
nomy  of  nature. 

But  whether  mammalia  existed  during  the  earliest  epochs  of  the 
world  of  which  we  possess  geological  monuments,  and  wore  contem- 
porary with  those  marine  animals  imbedded  in  the  lower  strata, 
though,  for  the  reasons  above  stated,  their  remains  have  not  yet 
been  discovered;  or  whether  they  were  not  created  till  a  later 
period,  though  still  before  the  deposition  of  the  chalk,  it  is  certain 
that  during  the  tertiary  era,  when  their  remains  were  abundantly 
entombed  in  the  strata,  we  can  trace  the  introduction  of  new  races 
even  of  them.    The  remains  of  the  land  quadrupeds,  imbedded  in 
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the  older  tertiary  strata,  are  exclusively  those  of  extinct  genera. 
In  the  deposits  of  a  more  recent  period  wo  meet,  in  these  northern 
latitudes,  with  the  remains  of  extinct  species  of  genera  now  existing, 
but  existing  only  in  warm  climates,  such  as  the  elephant,  rhinoceros, 
hippopotamus,  &c.  These  are  found  to  be  gradually  intermixed  (in 
the  ascending  order  of  the  strata)  with  the  bones  of  mammalia,  idon« 
tical  in  species  with  those  now  living  under  the  present  climates  of 
Euro])e ;  till  at  length  we  come  to  peat  bogs  and  alluvial  deposits, 
in  which  human  remains  occur,  mixed  with  those  of  animals  now 
living  in  the  countries  where  the  remains  are  found,  together  with  a 
few  which  are  become  locally  extinct,  within  the  historic  period. 
The  animals  that  have  become  locally  extinct  in  Britain  are,  the 
wolf,  the  beaver,  and  the  wild  boar.  The  great  fossil  elk  of  Ireland, 
now  universally  extinct,  perhaps  continued  to  exist  in  that  country 
after  it  was  inhabited  by  man.  It  is  almost  certain  that  the  ele- 
phants, hyaenas,  tigers,  &c.,  whose  remains  are  so  abundant  in  gravel 
and  in  caves,  did  not  inhabit  Europe  after  the  human  era.  In 
those  cases  where  their  bones  occur  in  caverns,  mixed  with  the 
bones  and  works  of  men,  there  is  often  evidence  that  the  latter  were 
introduced  after  the  former ;  and  in  no  case  is  there  clear  evidence 
that  they  were  deposited  simultaneously.  It  is  needless  to  adduce 
proofs  of  the  recent  introduction  of  man  upon  the  earth.  It  is  a 
fact  admitted  by  all  geologists,  even  by  those  who  contend  that  the 
existing  order  of  things  is  but  the  last  link  of  a  chain  of  events 
derived  from  laws  now  in  daily  operation.  The  most  able  and 
strenuous  advocate  of  this  doctrine  asserts,  that  the  real  difficulty 
consists  in  tracing  back  the  signs  of  man^s  existence  upon  the  earth 
to  that  comparatively  modern  period  when  species,  his  contempo- 
raries, began  to  predominate. 

The  absence  of  human  remains  from  the  older  strata  cannot  be 
accounted  for,  as  in  the  case  of  the  quadrupeds  of  the  land,  by  the 
rare  occurrence  of  the  circumstances  which  would  cause  them  to 
be  buried  in  submarine  sediment.  '*  No  inhabitant  of  the  land,'' 
says  Mr.  Lyell,  "  exposes  himself  to  so  many  dangers  on  the  waters 
as  man,  whether  in  a  civilized  or  a  savage  state ;  and  there  is  no 
animal,  therefore,  whose  skeleton  is  so  liable  to  become  imbedded  in 
lacustrine  and  submarine  deposits:  nor  can  it  be  said  that  his 
remains  are  more  perishable  than  those  of  other  animals;  for  in 
ancient  fields  of  battle,  as  Cuvier  has  observed,  the  bones  of  men 
have  suffered  as  little  decomposition  as  the  bones  of  horses,  which 
were  buried  in  the  same  grave.  But  even  if  the  more  solid  parts  of 
our  species  had  disappeared,  the  impression  of  their  form  would 
have  remained  engrayei^  on  the  rocks,  as  have  the  traces  of  the 
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tendercst  leaves  of  plants,  and  the  soft  integuments  of  many  animals. 
AVorks  of  art,  moreover,  composed  of  the  most  indestructible  mate- 
rials, would  have  outlasted  almost  all  the  organic  remains  of  sedi- 
mentary rocks.  Edifices,  and  even  entire  cities,  have,  within  the 
times  of  history,  been  buried  under  volcanic  ejections,  submerged 
beneath  the  sea,  or  ingulfed  by  earthquakes ;  and  had  these  catas- 
trophes been  repeated  through  an  indefinite  lapse  of  ages,  the  high 
antiquity  of  man  would  have  been  inscribed  in  far  more  legible 
characters  on  the  frame- work  of  the  globe,  than  are  the  forms  of  the 
ancient  vegetation,  which  once  covered  the  islands  of  the  Northern 
ocean,  or  of  the  gigantic  reptiles  which,  at  still  later  periods,  peopled 
the  seas  of  the  Northern  hemisphere*/^ 

It  can  scarcely,  wo  think,  be  denied  that  the  facts  above  enume- 
rated point  to  something  very  like  a  progressive  developcment  of 
organic  life;  though  they  will  not  support  the  doctrine  to  the  extent 
contended  for  a  few  years  ago,  and  though  the  terms  in  which  it 
was  announced  might  be  open  to  objection.  It  is  possible  to  repu- 
diate the  monstrous  and  absurd  notions  of  Lamarck,  respecting  the 
transmutation  of  one  species  into  another, — it  is  possible  to  admit 
that  fishes,  reptiles,  and  mammalia  occur  respectively  in  older  strata 
than  was  supposed  at  the  time  Sir  Humphry  Davy  wrote  his  Con- 
eolations  in  Tratcl^ — w^e  may  admit  the  absence  from  the  coal  strata 
of  fungi,  lichens,  and  mosses,  which  are  the  simplest  forms  of  flower- 
less  vegetation,  and  the  presence  of  ferns  and  Lycopodiaceaj,  which 
are  the  most  highly  organized  of  the  crj^ptogamicf*  plants, — we  may 
admit  that  the  monocotyledons  J  of  the  same  period  consisted  of  the 
most  highly  developed  of  that  class  of  plants,  and  that  it  was  not 
destitute  of  its  dicotyledons §.  It  may  be  true  that  an  orthoceratite 
or  a  nautilus,  though  they  have  no  back-bone,  are,  for  the  purposes 
for  which  they  were  designed,  as  perfect  in  their  organization  as  an 
elephant  or  a  crocodile;  and  that  palms  and  bread-corn,  though  they 
have  but  one  seed-lobe,  are  not  inferior  in  dignity  to  an  oak  and  a 
nettle,  which  have  two :  and  yet,  admitting  all  this,  we  may  contend 
with  Professor  Sedgwick,  that  a  doctrine  may  be  abused,  and  yet 
contain  much  of  the  elements  of  truth, — that  it  is  one  thing  to  refute 
it,  and  another  to  point  out  the  errors  and  overcharged  statements 
of  its  supporters. 

"  With  reference,''  he  says,  *'to  the  functions  of  the  individual, 
one  organic  structure  is  as  perfect  as  another;  but  I  think  that  in 
the  repeated,  and  almost  entire,  changes  of  organic  types  in  the 
successive  formations  of  tlie  earth, — in  the  absence  of  mammalia  in 

♦  L yell's  Prtn.  of  GeoL,  i.  241.        t  Pkmts  whose  fructification  is  concealed. 
X  rkints  having  only  one  seed-lobe.         §  Plants  having  two  seed-lobes. 
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the  older,  and  their  rare  occurrence  (and  then  in  forms  ejitirely 
unknown  to  us)  in  the  newer  secondary  groups, — in  the  diffusion  of 
warm-blooded  quadrupeds  (frequently  of  unknown  genera)  through 
the  older  tertiary  systems, — in  their  abundance  (and  frequently  of 
known  genera)  in  the  upper  portion  of  the  same  series, — and,  lastly, 
in  the  recent  appearance  of  man  on  the  surface  of  the  earth,  now 
universally  admitted, — in  one  word,  from  all  these  facts  combined 
we  have  a  series  of  proofs,  the  most  emphatic  and  convincing,  that 
the  existing  order  of  Nature  is  not  the  last  of  an  uninterrupted 
succession  of  mere  physical  events,  derived  from  causes  now  in 
daily  operation,  but  on  the  contrary,  that  the  approach  to  the 
present  system  has  been  gradual,  and  that  there  has  been  a  progres- 
sive developement  of  organic  structure,  subservient  to  the  purposes 
of  life*." 

While  these  changes  were  taking  place  in  the  organic  world, 
changes  as  great  were  taking  place  in  the  inorganic.  Land  was 
converted  into  sea,  and  sea  into  land,  and  land  again  into  sea.  The 
same  portions  of  the  earth'^s  surface  have  been  subject  to  repeated 
oscillations,  so  as  to  be  alternately  above  and  below  the  ocean  level. 
We  have  already  alluded  to  the  indications  of  a  change  of  climate, 
discoverable  in  the  crust  of  the  globe.  We  shall  not  at  present 
enter  into  a  detail  of  all  the  evidence  on  which  this  rests;  suffice  it 
to  say,  that  from  the  testimony  of  organic  remains,  it  appears  that, 
during  the  formation  of  the  older  strata,  a  tropical,  if  not  an  ultra- 
tropical,  climate  prevailed  over  the  Northern  hemisphere,  and  that 
even  at  a  period  so  comparatively  recent  as  the  commencement  of 
the  tertiary  series,  a  very  high  temperature  existed  over  what  are 
now  the  cool  regions  of  Europe;  when  a  groat  part  of  England  was 
yet  beneath  the  waves,  when  her  mountain-chains  formed  a  cluster 
of  spice-islands,  haunted  by  the  crocodile  and  the  turtle,  and  when, 
on  the  spot  where  London  now  stands,  the  nautilus  of  the  tropics, 
spreading  his  sail  to  the  breeze,  was  the  only  representative  of  the 
fleets  that  crowd  her  port.  But  if  the  earth'^s  crust  furnishes  us 
with  evidence,  that  great  and  repeated  changes  have  taken  place  in 
the  organic  and  inorganic  world,  it  furnishes  us  with  proofs,  no  less 
clear,  that  great  epochs  of  time  elapsed  while  these  changes  were  in 
progress, — epochs  so  great  that  we  are  tempted  to  connect  them  with 
the  secular  periods  of  astronomy  to  which  we  have  before  alluded. 

There  is,  however,  this  difference  between  the  phenomena  of 
astronomy  and  geology;  that  in  the  former  we  have  a  series  of  events 
recurring,  in  a  fixed  order,  after  the  lapse  of  fixed  intervals  of  time, 
whereas  in  geology  (if  we  except  the  interchange  between  land  and 

•  Sedgwick's  Anniversai'y  Address — Proceedings  of  Geological  Society, 
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sea,  and  the  recurrence  of  volcanic  action  after  long  intenrala  of 
repose)  we  have  no  evidence  of  the  repetition  of  a  single  pheno- 
menon, much  less  have  we  evidence  of  geological  cycles,  in  which 
the  same  events  are  repeated,  again  and  again,  in  a  stated  order,  and 
at  stated  intervals.  We  have  proofs  of  a  change  from  a  hot  to  a 
colder  climate;  but  we  have  no  proofs  of  a  change  from  a  cold 
climate  to  a  hotter.  Whole  orders  of  fishes  characteristio  of  the 
older  strata  become  extinct,  and  are  succeeded  by  new  races,  which 
in  their  turn  give  place  to  others.  This  class  of  vertebrated  animals 
affords  an  unbroken  record,  from  the  earliest  to  the  most  recent 
geological  epoch,  and  the  changes  which  occur  in  it  are  more  rapid 
than  those  which  take  place  among  invertebrate  animals;  but,  aa  we 
ascend  in  the  series  of  strata,  we  meet  with  no  instance  of  the 
revival  of  any  of  the  extinct  genera  or  species.  By  means  of  a 
series  of  geological  monuments,  we  can  trace  the  commencement  and 
decay  of  the  family  of  the  Ichthyosauri;  but  once  extinct  they 
reappear  no  more,  except  in  the  humorous  sketch  of  Mr.  De  la 
Beche*:  and,  lastly,  man  becomes  an  inhabitant  of  the  eartli,  but 
there  is  not  a  particle  of  evidence  that  the  race  had  previously 
existed,  though  at  some  very  remote  period,  and  had  been  destroyed 
to  revive  on  the  completion  of  a  great  geological  cycle.  Again,  to 
use  the  language  of  Professor  Sedgwick^  ''each  formation  of  geology 
may  have  required  a  very  long  period  for  its  complete  developement: 
but,  after  all,  the  successive  formations  about  which  we  speculate, 
however  complex  in  their  subdivisions,  are  few  in  number;  and  after 
deciphering  a  series  of  monuments,  we  reach  the  dark  ages  of  our 
history,  when  having  no  longer  any  characters  to  guide  us,  we  may 
indulge  at  will  in  the  creations  of  our  fancy.  We  may  imagine 
indefinite  cycles,  and  an  indefinite  succession  of  phenomena,  and  in 
the  physical  world  as  well  as  in  the  moral,  we  may  have  our  long 
periods  of  fabulous  history.  But  these  things  belong  not  to  induc- 
tive geology;  and  all  I  now  contend  for  is,  that  in  the  well- 
established  facts  brought  to  light  by  our  investigations,  there  is  no 
such  thing  as  an  indefinite  succession  of  phenomenaf  .^' 

When  the  Copernican  system  of  astronomy  was  established,  and 
the  earth,  no  longer  regarded  as  the  centre  of  the  universe,  was 
proved  to  be  one  of  a  system  of  bodies  revolving  round  the  sun,  the 
question  naturally  arose,  were  the  other  bodies  of  that  system 

*  Allusion  is  here  made  to  a  lithographic  sketch  from  the  pencil  of  that  gentle- 
man, entitled  <' Reappearance  of  Ichthyosauri — man  only  found  in  a  fossil  stated' 
in  wliich  Professor  Ichthyosaurus  is  represented  lecturing  to  an  audience  of  his 
brethren,  on  a  human  skull,  which  he  pronounces  to  belong  to  one  of  the  inferior 
animals,  on  account  of  the  insignificance  of  the  teeth,  and  the  trifling  powers  of 
the  jaw,  expressing  wonder  how  the  creature  procured  its  food. 

•j-  Anniversary  Address— Proceedtw^*  0/  Geological  Sooiety, 
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habitable  and  inhabited;  and,  reasoning  from  analogy,  astronomers 
were  disposed  to  answer  the  question  in  the  affirmative.  It  was  true, 
that  as  regards  the  distribution  of  light  and  heat,  and  the  inten- 
sity of  gravitation,  a  very  different  state  of  things  must  prevail 
in  most  of  those  planets  from  that  which  obtains  on  the  earth ;  but 
seeing  that  every  part  of  this  earth  was  crowded  with  sentient 
beings,  possessing  an  organization  so  adapted  to  the  conditions  of 
existence  assigned  them,  as  to  render  that  existence  a  state  of  enjoy- 
ment, it  appeared  highly  improbable  that  all  the  variety  here  dis- 
played should  be  limited  to  one  planet,  and  that  all  the  others 
should  be  mere  blanks,  made  only  to  be  gazed  at  by  us,  and  destitute 
of  beings  suited  to  their  respective  states.  And  when  the  modern 
researches  of  astronomy  extended  to  the  fixed  stars,  showed  them 
to  be  suns,  like  that  which  forms  the  centre  of  our  system,  and 
when  it  was  found  that  they  were  arranged  in  groups,  circling  round 
each  other,  the  argument  from  analogy  was  carried  further,  and  the 
probability  was  inferred  of  each  of  these  suns  being  attended  by  its 
system  of  planets,  with  their  satellites,  the  whole  teeming  with  life 
under  a  countless  variety  of  forms,  and  under  a  countless  variety  of 
conditions.  Geology  comes  in  aid  of  these  conjectures,  by  showing 
that  this  our  planet  has  existed  under  a  different  distribution,  of 
land  and  sea,  of  heat,  and  perhaps  of  light,  from  that  which  it  at 
present  enjoys;  and  that,  under  these  different  circumstances,  it  was 
not  a  mere  blank,  but  was  as  much  crowded  as  now  with  living 
beings  adapted  to  the  then  state  of  things.  A  contemplation  of  the 
variety  of  organization  manifested  in  the  world  around  us,  cannot 
fail  to  excite  our  wonder;  but  if  we  extend  our  researches  to  the 
remains  entombed  in  the  earth'^s  crust,  our  wonder  is  increased  at 
the  increased  variety  we  find;  and  we  are  convinced  that  the 
existing  system  of  nature  is  but  a  part  of  what  has  been,  and  that 
the  whole  visible  creation,  past  and  present,  may  be  but  an  atom 
compared  with  the  invisible. 

If  w^e  apply  ourselves  to  the  task  of  classifying  organized  bodies 
now  existing,  arranging  them  in  groups  as  they  differ  from  or 
resemble  each  other  in  their  structure,  we  find  that  those  forms  of 
each  group  which  are  most  dissimilar,  are  connected  by  a  series  of 
gradations,  separated  from  each  other  by  the  most  minute  distinc- 
tions, and  that  the  groups,  whether  we  regard  the  larger  or  the  sub- 
ordinate divisions,  are  again  connected  by  forms  possessing  some 
of  the  characteristics  of  two  groups.  There  are,  however,  cases  in 
which  the  transitions  are  more  abrupt;  and  when  these  cases  occur 
we  frequently  recover,  among  the  extinct  forms  of  an  ancient  state 
of  nature,  those  connecting  links  which  are  wanting  in  the  existing 
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creation.  As  instances,  wc  may  mention  the  ichthyosauri,  before 
alluded  to,  as  combining  some  of  the  characters  of  a  lizard  with 
those  of  a  fish,  and  occupying  among  saurians  the  place  of  the 
whale  and  seal  among  mammalia.  We  may  mention  likewise 
pterodactyles,  which  bore  the  same  analogy  to  lizards  that  the  bat 
now  bears  to  mammalia.  The  pachydermatous*  order  of  mammalia, 
as  existing  at  present,  consists  of  but  few  genera, — ^the  elephant, 
rhinoceros,  the  hippopotamus,  horse,  hog,  and  tapir,  genera  pos- 
sessing but  slight  resemblance  to  each  other,  and  singularly  poor 
in  species.  The  tertiary  strata  of  the  Paris  basin  abound,  however, 
in  remains  of  extinct  animals  of  this  order,  supplying  gradations 
between  some  of  the  above  genera,  and  connecting  it  with  other 
orders.  There  are  above  forty  fossil  species  belonging  to  one  division 
of  it  which  contains  only  four  living  Rpecies.  Similar  instances 
might  be  adduce<l  from  other  divisions  of  the  animal  kingdom;  and 
others  are  afTordeil  by  a  comparison  of  fossil  and  recent  vegetation. 

Thus  existing  and  extinct  organic  bodies  can  scarcely  be  said  to 
l>elong  to  different  systems,  but  must  be  considered  as  composing  one 
great  chain  of  being,  formed  on  one  general  plan,  agreeing,  for  the 
most  part,  in  important  points  of  structure,  and  difiering  only  in 
minutiae  of  detail.  And  if,  on  examining  the  organization  of  beings 
whose  functions  we  understand,  wc  discover  a  mechanism  like  the 
x^-ork  of  our  own  haud.s  but  far  surpassing  in  beauty,  in  excellence, 
and  complexity  any  workmanship  of  man;  and  if  in  this  we  see 
prtxifs  of  contrivauct\  of  structure  designei)  for  an  end,  and  that  end 
acct^mplishotK  wo  not  only  discover  among  fossil  organic  bodies  new 
and  unexpcctetl  instances  of  this,  but  we  have  proofs  that  the  same 
contriving  Intelligence  has  boon  exerted  at  the  remotest  period  to 
which  we  can  trace  back  the  historv  of  the  !;lol>e,  a«:res,  we  know 
not  how  long,  before  the  existence  of  the  human  race. 

We  find,  moreover,  that  with  evorv  change  in  the  state  of  the 
earth  there  has  been  a  corresponding  cluinge  of  organized  bodies,  and 
thus  we  have  proofs,  not  only  of  an  Intelligence  adapting  mecha- 
nism to  an  end,  but  of  successive  manifostatious  of  the  same 
contriving  Intelligence,  adjusting  the  mechanism  to  the  altered  coo- 
dicions  under  which  it  was  to  exist.  Witli  what  reverential  ideas 
ought  these  views  to  impress  us  respecting  that  Being  to  whom  all 
things  owe  their  existence^  eternal  in  duration^  absolute  in  power, 
perfect  in  wisdom,  in  goodness  infinite ;  and  how  can  we  refrain 
from  exclaimitisr,  in  the  lanjruai^?  of  Holv  Writ,  *'  O  Lor\U  how 
manifold  are  thy  w-.^ks,  in  wis^lom  hast  thou  made  them  ail :  the 
earth  is  full  of  Thv  riches:  they  shall  perish,  but  Thou  shalt  endure; 
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yea,  all  of  them  sliall  wax  old  as  dofch  a  garment,  and  as  a  vesture 
shalt  Thou  change  them,  and  they  shall  be  changed,  but  Thou  art 
the  same  and  thy  years  have  no  end.'''' 

Wo  have  now  pointed  out  some  of  the  leading  facts  which 
geology  presents  to  us,  and  some  of  the  lofty  speculations  to  which 
they  lead,  and  we  have  compared  them  with  those  of  astronomy. 
Before  we  proceed  to  the  details  of  the  science,  we  shall  offer  a  few. 
observations  on  the  advantages  attending  the  study,  and  wo  shall 
endeavour  to  remove  those  scruples  which  cause  many  well-meaning 
persons  to  view  it  with  an  unfavourable  eye,  as  opposed  to  facts 
recorded  in  the  Sacred  writings. 


Chapter  II. 

Practical  application  of  geology-^o  mining — to  agriculture. — Soils, ^^ 
Mineral  manures, — Draining, — Artesian  wells. — Selection  of 
road  materials^  and  of  lines  of  road — of  building  materials. — 
Utility  of  the  study  of  geology  as  an  exercise  for  mind  and  body — 
as  a  relaxation  to  the  man  of  business — and  as  occupation  for 
the  unemployed. 

BoT  what  is  the  use  of  geology  ?  This  is  a  question  which  we 
have  often  heard  asked,  and  to  which  the  querists  generally  reply  in 
the  same  breath,  by  denouncing  it  as  a  visionary  speculation,  or,  at 
the  best,  laborious  idleness,  productive  of  no  practical  results.  On 
this  point  we  are  prepared  to  join  issue  with  these  objectors,  and  to 
vindicate  the  utility  of  our  science. 

In  enumerating  the  advantages  to  be  derived  from  it,  we  shall 
begin  with  its  economical  importance,  because  the  majority  of  man* 
kind  is  composed  of  those  who  refer  all  things  to  this  standard. 
And  here  we  must  confess  that,  as  regards  utility,  as  well  as  the 
loftiness  of  their  speculations,  geologists  must  be  contented  to  yield 
the  first  place  to  astronomy.  We  pretend  not  to  guide  the  sailor 
across  the  deep,  and  to  enable  him,  by  measuring  the  distance  of  the 
moon  from  some  of  the  fixed  stars,  to  ascertain,  within  five  miles, 
his  situation  on  the  pathless  ocean,  after  he  has  been  months  without 
seeing  land ;  but,  upon  our  own  element,  the  land,  we  can  confer 
upon  mankind,  benefits  of  no  mean  order.  We  can  assist  the 
farmer  to  fertilize  the  surface  of  the  earth,  so  that  two  blades  of 
grass  shall  grow  where  one  grew  before ;  and  we  can  impart  system 
to  the  labours  of  the  miner,  so  that,  no  longer  groping  his  way  in 
the  dark,  or  trusting  to  dreams,  to  omens,  and  the  divining-rod,  ho 
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may  prosecute,  with  confidence,  and  with  an  approach  to  certainty, 
those  costly  operations  which  are  necessary,  in  order  to  extract 
from  the  earth  the  treasures  there  stored  up  for  our  use.  These 
treasures  exist  in  sufficient  abundance  to  afford  a  rich  reward 
to  our  toils,  and  at  the  same  time  they  have  wisely  and  beneficently 
been  rendered  sufficiently  difficult  of  access^  to  stimulate  industry 
and  call  forth  all  our  energies. 

The  mineral  wealth  of  the  earth  has  not  been  distributed  through 
it  at  random;  but  each  formation,  as  geologists  call  a  group  of 
strata,  is,  over  extensive  areas  at  least,  the  peculiar  receptacle  of 
certain  minerals.  Thus,  tin  is  found  only  in  granitic  districts,  and 
copper  is  most  abundant  in  those  and  the  adjoining  schistose  rocks. 
That  thick  formation  of  limestone,  to  which  the  name  of  Carboni- 
ferous has  been  given,  because  the  great  body  of  the  coal-measures 
rest  upon  it,  is,  in  England,  the  chief  depositary  of  lead.  These 
metals,  with  silver,  and  some  others,  occur  in  veins,  traversing  the 
strata.  Gold,  on  the  contrary,  is  rarely  met  with  in  veins,  but  is 
disseminated  in  small  quantities  through  the  rocks  in  which  it 
occurs,  and  the  principal  supplies  of  it  are  derived  from  alluvial 
gravel,  which  has  resulted  from  the  destruction  of  those  rocks. 
Platinum  and  diamonds  are  likewise  found  in  alluvial  gravel.  Iron, 
to  which  the  name  of  precious  might  with  more  propriety  be  applied 
than  to  gold  or  silver,  occurs  in  the  greatest  abundance  interstratified 
with  coal ;  so  that,  by  an  admirable  arrangement  of  Providence,  the 
bulky  ore  of  this  useful  metal  is  found  in  juxtaposition  with  the 
fuel  and  the  limestone  necessary  for  its  reduction  to  the  metallic 
state. 

In  the  present  state  of  our  knowledge,  it  is  too  much  to  affirm 
that  these  general  rules  prevail  over  the  whole  earth ;  but  they  hold 
good  over  extensive  portions  of  the  earth'^s  surface,  though,  even 
within  those  areas,  there  are  exceptions  to  the  rule ;  and  the  study 
of  the  rule  and  the  exception  is  alike  profitable. 

Let  us  take,  for  example,  the  case  of  coal.  Though  raised  from 
great  depths  below  the  surface,  coal  is  vegetable  matter,  accumulated 
during  the  earlier  ages  of  the  world;  so  that  we  are  warming  our 
houses,  and  lighting  our  streets,  and  spinning  our  cotton,  and  pro- 
pelling our  steam-vessels,  and  are  shot  along  a  railway  at  the 
rate  of  sixty  miles  an  hour,  by  means  of  fuel  derived  from  the 
wreck  of  forests  that  flourished  myriads,  perhaps,  of  years  before  the 
existence  of  the  human  race. 

Deposits  of  vegetable  matter  occur  in  formations  of  all  ages,  but 
they  occur  in  general  only  in  thin  seams,  and  in  small  quantities. 
The  great  coalnleposit  lies  between  two  systems  of  rocks,  known  by 
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the  names  of  the  old  and  the  new  red  sandstones,  closely  resembling 
each  other  in  mineral  composition,  though  very  different  in  their 
zoological  characters.  A  few  years  ago  we  should  have  said  that 
the  carboniferous  limestone  was  the  base  of  the  coal-measures ;  but 
Professor  Sedgwick  has  shown  that  in  the  range  of  this  formation 
towards  the  north  of  England,  it  becomes  a  complex  deposit,  con- 
taining beds  of  shale  and  sandstone,  with  seams  of  coal,  which  on 
the  borders  of  Scotland  are  so  largely  developed,  as  to  be  worked  for 
the  supply  of  the  metropolis.  It  may,  therefore,  be  said,  that  the 
great  mass  of  bituminous  coal,  capable  of  being  profitably  worked, 
lies  above  the  old  and  below  the  new  red  sandstone.  The  coal- 
fields of  Brora,  in  Scotland,  and  of  Whitby,  in  Yorkshire,  can 
scarcely  be  called  exceptions,  though  they  are  situated  in  a  newer 
group  of  rocks,  called  the  oolitic.  For  they  afford  an  inferior  kind 
of  non-bituminous  coal,  worked  only  to  supply  a  local  demand. 

In  communicating  these  facts,  we  are  obliged  to  anticipate  the 
knowledge  of  our  readers  a«  to  the  order  in  which  the  strata  succeed 

each  other,— 

Things  by  their  names  we  oall^  though  yet  nnnatnedf— 

and  therefore,  perhaps,  they  can  scarcely  perceive  the  full  import  of 
these  remarks.  In  that  case,  we  must  request  them  to  return  to  the 
subject  when  they  shall  have  become  familiar  with  the  names  of  the 
formations,  and  with  their  order  of  super-position. 

Now,  the  practical  results  to  be  derived  from  a  knowledge  of 
this  general  rule  and  its  exceptions  are  these :  That  searches  for  coal 
ought  only  to  be  undertaken  with  the  greatest  caution,  and  under 
peculiar  circumstances,  in  strata  beyond  the  limits  of  the  regular  coal- 
formation  ;  but  that  in  certain  situations,  where  dislocations  of  the 
strata  have  brought  to  the  surface  portions  of  these  anomalous  coal- 
measures,  and  when  the  carbonaceous  matter  is  seen  in  force^  the 
working  of  them  may  sometimes^  be  attended  with  success,  in  dis- 
tricts which  are  ill  supplied  with  coal  from  the  coal-measures,  pro- 
perly so  called.  The  same  remark  applies  to  the  lignite,  or 
wood-coal,  of  the  tertiary  strata,  which  is  wood  partially  carbonized, 
aflbrding  a  very  inferior  fuel,  which  would  never  be  used  where  the 
produce  of  the  coal-fields  of  Newcastle,  or  Staffordshire,  or  South 
Wales,  could  be  easily  obtained.  In  England,  which  is  so  abun- 
dantly supplied  with  coal  of  the  best  description,  lignite  occurs  but 
sparingly,  but  on  the  Continent  it  is  sometimes  largely  developed, 
and  extensively  worked. 

Copper  is  not  generally  met  with  in  strata  more  recent  than  the 
old  red  sandstone;  but  there  are  in  England  some  exceptions  to 
this  rule: — ^the  celebrated  Ecton  mine,  in  Staffordshire,  and  the 

c  2 
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Llandidno,  or  Ofme''8  Head  mine  in  Cacrnarronshiro,  being  situated 
in  the  carboniferous  limestone.  On  the  Continent,  the  ore  of  this 
metal  is  worked  in  a  formation  even  still  more  recent,  the  copper- 
slate  of  Thuringia  being  a  portion  of  the  new  red  sandstone  series. 
The  advantages  to  be  derived  by  the  practical  miner  from  a  know- 
ledge of  these  facts  are  obvious.  On  the  one  hand,  the  general 
rule  will  prevent  a  waste  of  capital  in  fruitless  searches  for  certain 
minerals  in  strata  where  they  rarely  occur,  and  on  the  other  hand, 
the  exceptions  will  prevent  that  slavish  adherence  to  the  general 
rule  which  would  prohibit  all  attempts  to  work  them  in  those 
strata,  when  the  indications  are  in  other  respects  favourable ;  and 
geology  furnishes  us  with  means  for  discriminating  the  different 
strata,  and  teaches  us  their  order  of  succession ;  so  that  having 
ascertained  to  what  part  of  the  series  a  given  rock  belongs, 
we  know  what  other  rocks  wo  may  expect  to  find  above  and 
below  it. 

Mineral  veins,  again,  are  not  equally  productive  through  all 
parts  of  their  course,  but  masses,  or  "  bunches,'*''  as  they  are  called, 
of  ore,  are  locally  distributed  through  the  vein,  being  connected  by 
thin  strings  of  ore,  or  by  barren  portions  of  the  vein-stone,  which  are 
only  useful  as  guiding  the  miner  to  the  richer  deposits.  His  object, 
therefore,  is  to  arrive  at  the  productive  portions  of  the  vein,  with 
the  expenditure  of  the  least  possible  labour,  on  barren  ground ;  and 
this  object  he  attains  by  observing  the  circumstances  under  which 
these  bunches  occur  in  those  particular  veins  on  which  he  is 
employed,  till,  by  repeated  observations,  he  discovers  the  laws 
which  they  follow,  and  knows  those  parts  of  a  vein  which  are 
likely  to  be  most  productive.  But  these  laws  are  not  the  same  in 
all  mineral  districts.  If,  therefore,  we  remove  from  any  of  our 
most  celebrated  mining-counties,  one  of  its  most  experienced  prac- 
tical miners,  and  if  we  place  him  in  another,  where  different  laws 
prevail,  for  the  distribution  of  ore  in  veins,  and  where,  though 
minerals  may  be  abundant,  those  laws  are  not  yet  known  by  expe- 
rience, because  no  mines  have  yet  been  worked;  all  his  practical 
knowledge  acquired  from  observations  in  his  native  district  will 
avail  him  nothing,  perhaps  will  become  absolutely  injurious,  because 
it  will  be  likely  to  prevent  his  paying  attention  to  the  suggestions 
of  those  who  have  studied  mineral  veins  on  a  more  general  scale. 
This  study  forms  one  department  of  geology,  and  the  mine-agent, 
who  possesses  most  knowledge  of  it,  is  most  likely  to  conduct  minin*^- 
operations  with  success.  A  person  of  this  kind  is  too  often  branded 
by  the  ignorant  with  the  epithet,  "  theoretical,^'  whereas,  he  is  in  fact, 
the  really  practical  man,  because  be  concentrates  and  combines  in 
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himself  the  knoM*Iedge  derived  from  the  obeervations  of  all  practical 
miners  in  every  part  of  the  world. 

We  cannot  quit  this  subject,  without  expressing  astonishment 
that  Great  Britain,  which  owes  so  much  of  its  greatness  to  its 
mineral  riches,  and  where  so  much  property  is  embarked  iu  mining 
speculations,  should  have  been  so  long  without  establishments  like 
the  Ecoles  des  Mines  of  the  Continent,  in  which  superintendents  of 
mines  and  working  miners  might  be  instructed,  at  a  trifling  expense, 
in  the  rudiments  of  geology,  mineralogy,  chemistry,  and  other 
branches  of  science  immediately  cdhnected  with  their  occupation. 
It  is  to  be  hoped  that  the  British  Association  for  the  Advancement 
of  Science  will  turn  their  attention  to  this  subject,  for  nothing  will 
tend  so  much  to  the  advancement  of  science  as  the  union  of  prac- 
tical and  scientific  knowledge  in  the  same  individuals.  In  tho 
depths  of  the  mine,  which  philosophers  only  visit  occasionally,  phe- 
nomena of  the  utmost  importance  for  the  elucidation  of  those 
hidden  laws  of  nature  which  they  are  investigating,  are  daily  passing 
unnoticed  before  the  eyes  of  working  miners.  When  they  shall 
have  become  imbued  with  such  a  portion  of  scientific  knowledge  as 
will  be  useful  to  them  in  their  vocation,  and  with  that  love  and 
respect  for  science  which  this  knowledge  will  engender,  these  phe- 
nomena  will  arrest  their  attention,  and  though  they  may  not  them- 
selves be  capable  of  generalizing  from  them,  they  will  not  fail 
to  bring  them  under  the  notice  of  those  who  have  the  ability 
to  do  so*. 

The  benefits  which  geology  can  confer  on  agriculture  are  neither 
few  nor  trifling.  Our  limits  will  not  permit  us  to  point  out  in 
detail  how  the  nature  of  a  soil  depends  on  that  of  the  rocks  from 
the  disintegration  of  which  it  was  derived,  nor  to  show  how  parti- 
cular plants  affect  particular  soils,  in  which,  in  a  state  of  nature, 
they  exclusively  flourish,  and  in  which  they  flourish  most  in  a  state 
of  cultivation,  so  that  by  consulting  a  good  geological  map,  of  a 
given  district,  we  may  predict,  before  we  enter  it,  the  species  of  crops 
which  will  be  found  most  extensively  cultivated  there,  and  which 
experience  has  proved  to  be  best  adapted  to  it. 

*  The  Mining  Record  Office  and  Museum  of  Economic  Geology,  established  by 
the  Government,  and  placed  under  the  direction  of  Mr.  De  la  fieche,  since  this 
passage  iiras  wiitten,  promise  to  be  of  the  utmost  practical  utility.  The  former 
originated  in  the  recommendation  of  the  British  Association,  and  will  be  the 
means  of  preventing  much  waste  of  capital,  and  of  pre8ei*ving  many  valuable  lives 
in  the  coal  districts.  From  the  want  of  plans  of  the  old  workings,  it  not  unfre- 
qnently  happens  that  shafts  are  sunk  at  a  heavy  expense,  in  quest  of  a  seam  of 
coal,  which  when  reached  proves  to  have  been  long  worked  out.  Lamentable  acci- 
dents also  happen  from  the  carrying  on  of  operations  too  near  to  accumulations  of 
water  in  abandoned  workings,  the  proximity  of  which  was  not  suspected. 
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A  due  mixture  of  the  earths  ia  a  soil  is  essential  to  its  fertility. 
The  most  productive  districts  of  England  have  been  made  so  by 
nature,  and  owe  their  fertility  to  this  mixture ;  and  it  is  by  copying 
nature  that  we  must  proceed  in  our  endeavours  to  improve  those 
that  are  barren.  Neither  pure  clay,  sand,  nor  chalk«  afford  produc- 
tive soils.  Those  are  the  best  which  contain  a  mixture  of  the  three 
earths,  silica,  alumina,  and  lime,  with  a  portion  of  decomposed 
animal  and  vegetable  matter.  These  are  the  soils  so  much  coveted 
by  the  farmer,  which  will  bear  repeated  cropping  without  manure. 
The  principal  ends  proposed  in  agricultural  improvement  are,  to  ren- 
der wet  soils  dry,  and  dry  soils  sufficiently  moist,  to  render  adhesive 
soils  loose,  and  loose  soils  sufficiently  adhesive ;  and  the  proportion 
in  which  the  earths  above  mentioned  should  be  mixed  for  these  ends 
must  depend  upon  the  climate  and  the  substratum.  Aluminous, 
or  clayey  soils,  retain  too  much  moisture,  and  siliceous,  or  sandy 
soils,  part  with  it  too  rapidly;  and  a  soil,  good  in  itself,  may  be 
rendered  unproductive,  by  resting  on  too  retentive  or  too  porous  a 
substratum.  Draining,  or  irrigation,  is  in  such  cases  the  remedy. 
When  one  of  the  earths  prevails  in  a  soil  to  the  exclusion  of  the 
others,  great  improvement  may  be  effected  by  the  addition  of  that 
which  is  deficient,  and  it  is  astonishing,  as  Mr.  De  la  Beche  has 
remarked,  that  the  superior  fertility  observable  along  the  line  of 
junction  of  two  rocks,  occasioned  by  the  mixture  of  their  compo- 
nent parts,  has  not  oftener  induced  agriculturalists  to  have  recourse 
to  various  artificial  mixtures  of  the  materials  of  rocks  which  are 
adjacent  to  each  other,  either  as  regards  the  surface,  or  depth  below 
the  surface.  There  are  districts  in  which  such  mixtures  have  been 
practised  with  the  greatest  success;  but  in  general,  farmers  rely  too 
exclusively  on  farm-yard  manure.  Clay,  sand,  and  limestone,  are, 
nevertheless,  mineral  manures  of  the  greatest  value,  and  have 
changed  the  face  of  whole  districts  that  were  before  comparatively 
barren.  By  such  mixtures,  the  constitution  of  the  soil  has  been 
improved, — causing  the  animal  and  vegetable  manure  afterwards 
applied  to  be  more  efficacious. 

The  clayey  lands  of  Essex  have  been  greatly  improved  by  the 
use  of  chalk.  This  acts  upon  the  land  in  several  ways.  It  decom- 
poses any  free  acids,  and  some  acids  in  combination,  naturally  exist- 
ing in  the  soil,  and  which  are  prejudicial  to  vegetation,  and  it  acts 
mechanically,  by  rendering  the  soil  more  pervious  to  moisture,  and 
affording  greater  facilities  for  the  roots  of  plants  to  expand.  When 
chalk  is  not  at  hand,  a  dressing  of  sand  or  fine  gravel  will  produce 
some  of  these  results,  particularly  if  it  contain  c^careous  matter,  in 
the  shape  of  fragments  of  limestone  or  broken  shells.     Clay,  again, 
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is  equally  efficaoious  on  sandy  soils,  by  inereasing  the  power  of  the 
soil  to  retain  moisture,  and  by  enabling  the  roots  to  maintain 
themselves  firmly  in  the  ground. 

In  Norfolk  and  Suffolk,  vast  tracts  of  land,  which  were  before 
incapable  of  bearing  com,  have,  by  the  application  of  clay,  been 
made  to  produce  good  crops  of  wheat,  barley,  clover,  and  turnips. 
Thus,  a  greater  number  of  cattle  are  kept  upon  a  given  area,  and 
the  quantity  of  animal  and  vegetable  matter  returned  to  the  soil  is 
proportionably  increased.  The  mineral  manures  are,  in  general,  too 
much  neglected,  with  the  exception  of  lime,  (the  injudicious  use  of 
which  too  often  runs  into  the  abuse,)  and  even  in  those  districts 
where  they  arc  applied,  they  are  frequently  brought  from  a  distance, 
when,  though  not  visible  on  the  surface,  they  exist  at  a  small  depth 
below  it,  sometimes  under  the  very  field  for  the  improvement  of 
which  they  are  required.  Now,  who,  we  would  ask,  is  most  likely 
to  discover  them, — ^he  who  never  looks  deeper  into  the  earth  than 
the  bottom  of  his  ditches,  or  he  who  studies  the  position  of  rocks, 
with  respect  to  each  other,  and  for  this  purpose  examines  every 
natural  section  by  which  they  are  exposed  to  view  in  clifis  and 
ravines,  and  every  artificial  section  laid  open  by  mines,  wells,  and 
other  excavations  ? 


Let  A  B  in  the  annexed  diagram  (fig.  1)  represent  the  surface  of 
a  district  composed,  like  some  of  the  eastern  parts  of  England,  of 
strata  of  sand,  clay,  and  gravel,  resting  upon  chalk,  all  the  strata 
having  a  slight  inclination  to  the  eastward,  or  towards  b  :  a  farmer 
cultivating  the  sandy  soil  at  a,  knows,  for  he  observes  it  in  riding  to 
market,  that  at  a  certain  distance  from  his  own  farm,  he  shall  cross 
a  tract  of  clay,  &,  and  that  after  leaving  that,  he  shall  meet  with  sand 
and  gravel  again  at  c^  and  that  at  d  he  shall  quit  the  plain  and  reach 
hills  of  chalk.  But  he  does  not  know,  and  he  would  probably  laugh 
at  the  person  who  communicated  the  information,  that  all  the  strata 
^,  c,  and  dy  are  to  be  found  under  his  own  land  at  a,  at  a  depth  pro- 
portioned to  the  thickness  and  inclination  of  the  strata,  so  that  a  bed 
which,  in  one  part  of  an  estate  will  be  at  a  considerable  depth,  may 
rise  in  another  very  near  the  surface.  But  these  are  points  to  the 
determination  of  which  the  geologist  applies  himself,  and  having 
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ascertained,  from  the  nature  of  the  imbedded  fossils,  that  the 
istratum  a  is  the  crag,  and  b  the  London  clay, — he  knows  that  by 
proceeding  in  a  direction  contrary  to  that  in  which  the  strata  dip, 
he  shall  meet  with  the  sands  and  gravels  of  the  plastic  clay,  as  well 
as  with  the  chalk  rising  successively  to  the  surface. 

A  knowledge  of  the  stratification  of  a  country  will  also  some- 
times prove  valuable  to  those  engaged  in  agricultural  improvements, 
by  enabling  them  to  drain  their  land  more  effectually,  and  at  less 
expense,  than  by  the  ordinary  methods.  A  good  soil,  as  was  before 
observed,  may  be  rendered  unproductive,  by  resting  on  a  bed  of  clay, 
which  holds  up  the  water,  and  there  may  be  a  porous  bed  again 
beneath  the  clay.  Now,  if  the  thickness  of  the  clay  is  not  too  great, 
such  land  may  be  freed  from  excessive  moisture  by  perforating  the 
bed  of  clay,  and  leading  the  surface-water  into  the  perforations. 

The  dip  or  inclination,  and  also  the  ^'  faults'^  or  dislocations  of 
the  strata  of  the  district,  ought  to  be  studied  with  the  same  view. 
These  faults  are  fissures  which  traverse  the  strata,  and  produce  two 
opposite  effects  with  respect  to  drainage,  according  to  the  nature  of 
the  substances  with  which  they  are  filled.  Sometimes  they  are 
pervious  to  water,  and  then  they  act  as  natural  main  drains,  into 
which  subordinate  drains  may  be  turned.  In  other  cases,  they  are 
filled  with  clay,  and  then  they  act  as  natural  dams,  holding  up  the 
water  in  the  strata  to  a  higher  level  on  one  side  of  the  fault  than  on 
the  other.  A  fault  so  filled  is  often  traceable  on  the  surface  by 
the  land-springs  which  break  out  along  its  course,  arising  from  the 
pent-up  water  struggling  to  escape  wherever  there  is  the  least  resist- 
ance ;  and  cases  will  occur,  in  which,  by  piercing  through  the  fault, 
vent  may  bo  given  to  the  water  which  before  burst  out  at  several 
smaller  openings,  and  the  land  may  thus  be  laid  dry  at  a  cheaper 
rate  than  by  contending  with  each  spring  individually.  This  water, 
which  was  injurious  in  one  place,  will  sometimes  be  in  sufficient 
quantity,  when  thus  collected  into  one  channel,  to  improve  another 
part  of  the  estate,  by  being  employed  in  irrigation,  or  by  being 
made  to  drive  an  overshot  wheel.  Artesian  wells  have  been  bored 
to  obtain  a  supply  of  water  for  both  these  purposes. 

The  nature  of  a  country  is  sometimes  such  that  it  is  destitute  of 
rivers  and  surface-springs,  and  then  the  population  are  dependent  for 
a  supply  of  water  upon  that  which  can  be  obtained  by  means  of  very 
deep  wells,  or  upon  that  which  falls  from  the  atmosphere,  and  is 
collected  in  ponds  or  tanks.  The  water  derived  from  the  former 
source  is  obtained  at  a  great  expense ;  that  derived  from  the  latter 
is  by  no  means  wholesome,  and  is  liable  to  fail  in  dry  summers.  In 
such  seasons,  we  have  seen  the  population  of  an  extensive  parish 
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almost  fighting  for  the  green  unwholesome  water  of  a  muddy  pond ; 
and  cases  have  occurred,  in  which  it  has  been  necessary  to  drive  the 
cattle  so  far  to  drink,  that  by  the  time  they  returned  they  wore  as 
thirsty  as  when  they  started.  Few  greater  benefits  could  be  con- 
ferred on  a  district  so  circumstanced,  than  the  establishment  in  it  of 
Artesian  wells. 

These  derive  their  name  from  the  district  of  Artois,  iu  France, 
where  they  are  supposed,  though  it  appears  erroneously,  to  have 
been  first  used.  Artesian  wells  are  nothing  more  than  perforations 
a  few  inches  in  diameter,  made  through  the  strata  with  the  ordinary 
boring-tools,  and  their  action  arises  from  the  natural  tendency  of  ^ 
water  to  find  its  level. 

It  is  only  under  cerfcain  conditions  of  geological  structure  that 
they  can  succeed :  and  the  structure  of  the  district  in  which  it  is 
proposed  to  introduce  them  ought  to  be  thoroughly  investigated 
before  any  borings  are  attempted,  because,  though  one  of  these  wells 
may  be  made  for  one-third  of  the  cost  of  an  ordinary  well  of  the 
same  depth,  yet  it  will  be  perfectly  useless,  though  a  water-bearing 
stratum  should  be  penetrated,  if  the  water  will  not  rise  to  the  sur- 
face, the  orifice  being  too  small  to  admit  of  its  being  raised  by 
mechanical  means.  If  a  reservoir  of  water  were  formed  on  the  side 
of  a  hill,  and  a  leaden  or  other  closed  pipe  were  laid  from  it  to  a 
hill  on  the  opposite  side  of  the  valley,  the  water  might  be  conducted 
in  this  pipe  to  the  s^e  height  as  that  of  the  source,  and  wherever 
a  hole  were  made  in  the  pipe,  the  water  would  gush  out  and 
endeavour  to  attain  ihc  level  of  that  at  the  two  ends.  The  geolo- 
gical structure  answering  to  these  conditions  is  shown  in  the  annexed 
diagram  (fig.  2),  which  represents  the  stratification  of  the  vale  of 


'm^m^^^'^ 


London,  a  a  is  a  retentive  stratum  at  the  surface  (in  this  case  the 
London  clay)  ;  bb  a,  bed  of  gravel  and  sand  below  it,  both  of  them 
resting  upon  the  chalk,  c  c;  and  the  whole  series  having  been 
thrown,  by  some  subterranean  movement,  into  a  curve,  concave  on 
the  upper  side.  This,  in  geological  language,  is  the  basin-shaped 
structure.  The  porous  bed,  b  i,  fulfils  the  office  of  the  closed  pipe 
before  mentioned.  The  water  which  falls  on  the  chalk-hills,  c  c,  is 
absorbed  by  this  porous  bed,  and  prevented  from  escaping  by  the 
bed  of  clay  above,  and  by  the  chalk  below  it,  and  if  the  clay  be 
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pierced  by  small  borings  as  at  d^  e^  and  f^  will  rise  to  tlie  surface,  or 
to  heights  above  the  surface,  proportioned  to  the  elevation  of  the 
source,  and  to  the  obstacles  which  the  water  meets  with  in  perco- 
lating  through  the  bed,  b  b.  There  are  other  modifications  of  this 
structure  which  need  not  be  noticed  in  a  brief  sketch  like  this. 

There  are  few  persons  conversant  with  rural  affairs,  who  are  not 
aware  how  much  good  roads  improve  the  value  of  property  by  facili- 
tating the  conveyance  of  the  produce  of  the  land  to  a  market,  and 
either  for  the  improvement  of  old,  or  the  formation  of  new  roads,  a 
knowledge  of  the  strata  over  which  they  are  formed  is  of  the  utmost 
importance.  The  durability  of  a  road  depends  in  a  great  measure 
upon  the  materials  employed,  and  upon  the  solidity  of  its  foundation. 
These  points  are,  in  general,  too  much  neglected  by  those  to  whom 
the  formation  of  roads  is  intrusted,  the  chief  objects  of  attention 
being  the  shortening  of  distance,  and  the  reduction  ef  acclivity;  and 
to  obtain  these,  a  road  is  often  carried  over  strata  affording  an 
unstable  base,  and  liable  to  frequent  land-slips.  Soft  and  bad  stone 
is  also  frequently  employed,  because  it  is  near  at  hand,  when  better 
materials  might  be  brought  from  a  distance  by  means  of  canals  and 
railways,  at  a  small  extra  expense,  which  would  be  in  the  end  more 
economical,  because  of  their  greater  durability,  and  because  when 
used  they  afford  a  good  instead  of  a  bad  road.  On  the  other  hand, 
stone  of  inferior  quality  is  often  brought  from  a  distance  of  several 
miles,  when  better  exists  much  nearer ;  not  quarried,  it  is  true,  nor 
visible  on  the  surface,  but  easily  discoverable  by  the  eye  of  the 
geologist.  Hardness  is  not  the  only  essential  in  a  stone  employed 
for  the  repair  of  roads.  It  is  required  not  only  to  resist  friction,  but 
also  the  crushing  force  of  heavy  carriages,  moving  with  considerable 
velocity.  Hence  a  certain  degree  of  toughness  is  necessary  to  <lura- 
bility.  Yet  when  hard  and  tough  materials  are  both  at  hand,  the 
latter  is  often  neglected  for  the  former. 

There  are  situations  in  which  flints  from  the  chalk,  and  chert 
from  the  green  sand,  might  be  obtained  for  the  roads  at  the  same 
cost.  The  chert,  as  the  toughest,  is  the  best ;  yet  surveyors  of  roads, 
looking  only  to  hardness,  or  perhaps  merely  adhering  to  established 
custom,  almost  invariably  prefer  the  flints.  Masses  of  greenstone, 
again,  are  of  frequent  occurrence  in  the  midst  of  granitic  districts. 
Granite  is  reduced  to  powder  under  the  crushing  action  of  wheels 
much  sooner  than  greenstone,  owing  to  the  superior  toughness  of 
the  latter,  which  arises  from  the  presence  of  the  mineral  called  horn- 
blende. This  mineral  enters  largely  into  the  composition  of  most  of 
the  trappean  rocks,  a  numerous  family,  which,  though  differing  much 
in  external  aspoctB^  all  possess,  in  a  greater  or  less  degree,  the  tough- 
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nes8  essential  to  a  good  material  for  roads.     We  will  illustrate  this 
subject  by  one  or  two  examples. 

The  improvement  which  has  taken  place  of  late  in  the  roads  in 
the  neighbourhood  of  London,  must  bo  well  known  to  most  of  oui* 
readers.  Much  of  this  has  been  effected  .by  reducing  the  surface  to 
a  better  form,  and  by  applying  the  materials  used  in  a  more 
judicious  manner ;  but  much  has  arisen  from  the  selection  of  better 
materials. 

Under  the  old  system,  these  consisted  exclusively  of  graval 
raised  in  the  neighbourhood,  much  mixed  with  sand  and  clay,  from 
which  it  was  difficult  effectually  to  clear  it.  In  mineral  composi- 
tion, it  consisted  chiefly  of  flint,  but  the  pebbles  being  for  the  most 
part  round  could  never  form  so  solid  a  mass  as  a  layer  of  angular 
pieces  of  stone.  The  first  improvement  was  to  substitute  for  this 
gravel  broken  flints  from  Kent,  brought  up  the  river  Thames.  Pos- 
sessing hardness  only,  without  toughness,  their  brittleness  was 
found  to  be  an  objection  against  them,  and  granite  was  substituted. 
This  was  found  more  durable  than  flint,  but  less  so  than  a  rock  con- 
taining hornblende  from  Mount  Soar  Hill,  in  Leicestershire,  which 
is  now  chiefly  employed*  and  with  manifest  advantage. 

The  surface  of  the  counties  of  Lancashire  and  Cheshire  is 
occupied  chiefly  by  the  new  red  sandstone  formation,  which  aflbrds 
no  road  materials,  but  stone  of  the  most  friable  kind.  The  roads  of 
this  extensive  district  are  now  supplied  with  a  trap-rock  from  Pen- 
maen  Mawr  on  the  coast  of  Caernarvonshire,  and  the  quantity  used 
is  so  great,  that  even  at  the  low  price  at  which  it  is  supplied,  the 
persons  who  have  taken  a  lease  of  these  rocks  are  realizing  large 
profits.  Stone  of  the  same  kind  occurs  in  many  parts  of  the  Snow- 
donian  chain,  but  nowhere  so  near  the  sea,  except  in  Caernarvon 
Bay;  and  even  the  small  additional  freight  which  must  be  paid  for 
its  conveyance  thence,  is  sufficient  to  prevent  it  from  competing 
successfully  with  the  stone  of  Penmaen  Mawr.  Whoever,  therefore, 
shall  .succeed  in  discovering  within  the  district  thus  supplied,  a  mass 
of  trappean-rock,  so  situated  as  to  be  easily  quarried,  may  be  assured 
that  he  has  made  a  valuable  discovery.  Mr.  Murchison  has  shown 
that  in  a  part  of  Shropshire  trappean-rocks  have  burst  through  the 
new  red  sandstone,  and  it  is  by  no  means  improbable  that  the  action 
may  have  been  prolonged  into  Cheshire.  It  sometimes  happens 
that  only  a  small  portion  of  trappean-rock  rises  to  the  day,  when 
there  is  a  large  mass  at  a  small  depth  below  the  surface ;  and  the 
surface-appearances  are  also  such  as  to  deceive  a  person  in  search  of 
road  materials,  who  was  unpractised  in  geological  investigations; 
for  some  of  the  hardest  and  toughest  of  these  rocks  decompose  by 
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long  exposure  to  the  atmoapfaere,  presenting  the  appearance  of  an 
incoherent  bed  of  earHi,  on  rcmo^-ing  which,  the  uuweathered  rock 
will  be  found  to  afford  a  stone  well  adapted  to  the  repair  of  roada. 

Attention  to  the  direction  in  which  the  strata  dip  will  frequently 
eavo  considerable  expense,  both  in  the  Snt  construction  and  future 
maintenance  of  a  road,  when  it  is  carried  along  tbo  side  of  a  hill 
through  a  stratified  country. 


Let  A  (fig.  3)  represent  a  valley  between  the  lulls  b  and  c,  com- 
posed of  many  alternations  of  shale  and  sandstone,  having  a  steep 
dip ;  so  that  had  the  beds  of  b  not  been  denuded,  they  would  have 
covered  thoES  of  the  hill  c.  Let  a  and  b,  moreover,  be  two  beds  of 
loose  sandstone,  on  opposite  sides  of  the  valley,  with  beds  of  clay 
or  shale  beneath  them.  If  a  road  be  cut  at  c,  the  water  percolating 
through  the  sand-stoue,  and  prevented  from  descending  by  tbo 
retentive  bed  below,  will  have  a  constant  tendency  to  throw  down 
upon  the  road  portions  of  the  rock  above ;  but  no  such  effect  will  be 
produced  if  the  road  bo  cut  at  nearly  the  same  height  on  the  oppo- 
site side  of  the  valley,  at  d,  where  the  strata  dip  itito  the  hill  instead 
of  out  of  it. 

Every  architect  and  civil-engineer  ought  to  be  a  geologist,  for 
the  study  of  the  structure  of  rocks,  and  of  the  situations  in  which 
they  occur,  would  frequently  enable  them  to  select  more  durable 
stones  for  building  than  those  usually  employed.  These  remarks 
apply  to  public  works  rather  than  to  private  edifices,  for  under  the 
present  system  the  houses  in  most  of  our  great  towns  are  built  by 
speculators  who  have  no  permanent  interest  in  them,  and  they  are 
built  for  profit,  on  a  calciUation,  nicely  adjusted  to  the  length  of  a 
lease,  which  they  are  not  intended  to  outlast.  But  when  a  proprie- 
tor builds  upon  his  own  estate,  he  ought  not,  from  motives  of  inju- 
dicious economy,  to  use  stone  liable  to  rapid  decomposition,  merely 
because  it  can  be  worked  at  less  cost  than  another  which  is  more 
durable ;  and  above  all,  when  a  nation  builds,  which  builds  for  pos- 
terity, all  such  paltry  parsimony  ought  to  be  discarded.     Yet  some 
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of  the  finest  of  the  public  buildings  in  London,  less  than  two  cen- 
turies old,  are  hastening  rapidly  to  decay,  from  having  been  con- 
structed of  a  calcareous  sandstone,  soft  when  first  raised,  and  thence 
easily  worked,  hardening  as  it  loses  its  original  moisture,  but  liable 
again  to  imbibe  water,  and  therefore  easily  affected  by  frosts. 

An  improvement  in  this  respect  has  lately  taken  place  in  the 
substitution  of  granite  for  sandstone  in  many  of  our  public  works: 
but  the  indiscriminate  use  of  this  material  may  be  attended  with 
bad  effects ;  for  some  varieties  of  granite,  like  the  trappean  rocks 
before  alluded  to,  though  hard  and  diflicult  to  work,  when  first  raised, 
afford  a  bad  building  material,  from  the  rapidity  with  which  they 
decompose.  This  depends  on  the  state  of  the  felspar  they  contain. 
Rocks,  in  which  the  felspar  exists  in  a  compact  state,  are  in  general 
more  durable  than  those  in  which  it  is  found  in  coarse  crystals. 
Some  sandstones,  again,  which  have  a  siliceous  cement,  are  very 
durable.  The  weathered  surface  of  a  rock  will  often  give  a  better 
insight  into  its  mineral  structure  than  can  be  obtained  from  a  fresh 
fracture,  for  which  reason,  the  geologist,  in  selecting  hand  specimens, 
endeavours  to  procure  one  such  surface ;  and  in  general  the  capa- 
bility of  a  stone  to  resist  atmospheric  agency  may  be  learned  by 
studying  the  manner  in  which  it  resists  such  action  in  its  original 
situation,  and  by  observing  which  of  the  ingredients  of  a  compound 
rock  is  the  first  to  decompose  *. 

We  have  now  taken  a  rapid  glance  at  some  of  the  practical 
advantages  resulting  from  the  study  of  geology.  The  subject  is  by 
no  means  exhausted,  but  our  limits  will  not  allow  of  further  details. 
It  remains  to  speak  of  other  benefits  arising  from  the  cultivation  of 
the  science,  less  direct,  it  is  true,  and  to  some  minds  less  obvious, 
but  not  the  less  important,  because  they  cannot  bo  made  to  enter 
into  a  calculation  of  pecuniary  profit.  As  an  employment  for  the 
mind,  and  an  exercise  of  the  reasoning  powers,  geology  may  be 
placed  in  the  first  rank,  second  only  to  the  exact  sciences,  and  in 
some  respects  superior  to  them,  because  it  requires  the  exercise  of 
those  faculties,  and  employs  that  kind  of  reasoning,  for  which  we 
have  daily  need  in  the  conduct  of  human  affairs.  The  practical 
application  of  the  mathematics  is  limited  to  a  few  professions.  That 
is  not  the  object  with  which  they  are  studied  by  one  in  an  hundred 

•  The  late  Dr.  William  Smith,  when  asked  how  he  judged  of  the  relative 
durability  of  different  kinds  of  stone,  replied,  ^  I  go  into  the  churchyards.  The 
dates  are  on  all  the  tombstones.*'  The  Commissioners  appointed  to  ascertain  the 
best  stone  for  the  construction  of  the  new  Houses  of  Parliament,  after  examining 
most  of  our  ancicut  edifices,  have  decided  in  favour  of  the  crystalline  varieties  of 
the  magnesian  limestone,  which  are  those,  as  Professor  Danicll  has  shown,  in  which 
the  maguesiau  compounds  a])proach  the  nearest  to  equivalent  proportions  of 
carbonate  of  lime  and  carbonate  of  magnesia. 
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of  those  who  derote  so  much  time  to  them.  They  are  studied  in 
order  to  strengthen  the  mind  by  accustoming  it  to  habits  of  atten- 
tion and  investigation,  and  even  when  cultivated  with  this  view, 
doubts  have  been  entertained  whether  they  may  not  be  pursued  too 
exchisively.  It  has  been  asserted,  that  the  mind  may  become  so 
habituated  to  that  strict  demonstration  which  the  abstract  sciences 
require  and  afford,  as  to  reject  other  truths  incapable  of  the  same 
kind  of  proof.  And  yet  on  most  of  the  questions  on  which  we  are 
called  upon  to  form  a  judment  as  to  matters-of-fact,  past,  present, 
nnd  to  come,  mathematical  reasoning  is  inapplicable,  and  we  must 
be  satisfied  to  arrive  at  a  moral  certainty  to  be  attained  by  weighing 
evidence  and  balancing  probabilities.  This  is  the  highest  degree  of 
proof  of  which  most  geological  inquiries  are  susceptible,  and  this  is 
the  mode  in  which  they  are  conducted.  We  observe  the  changes 
taking  place  around  us  in  the  organic  and  inorganic  world ;  we  trace 
effects  up  to  their  causes,  and  then  comparing  like  things  with  like, 
we  infer  that  similar  effects  were  produced  by  similar  causes  in  the 
ages  that  are  past.  In  this  investigation  we  have  often  to  weigh 
the  conflicting  evidence  of  apparently  irreconcileable  phenomena ; 
we  are  perpetually  seeking  analogies,  or  detecting  differences,  or 
<;ombining  and  generalizing  scattered  facts  with  which  observation 
has  furnished  us.  Occasionally,  too,  we  find  ourselves  obliged  to 
retrace  our  steps,  compelled  by  new  facts  to  abandon  generalizations, 
founded  on  imperfect  induction.  Surely  all  this  must  tend  to  pro- 
duce habits  of  acute  observation,  patient  investigation,  and  salutary 
caution,  in  suspending  our  judgment  in  the  absence  of  complete  and 
satisfactory  evidence,  habits  of  the  greatest  value  in  the  affairs  of 
life,  and  we  must  be  most  unapt  scholars  if  we  do  not  at  the  same 
time  learn  this  great  moral  lesson— that  it  is  possible  to  acknowledge 
ourselves  to  have  been  in  error,  without  either  compromise  of  dignity 
or  loss  of  strength. 

Geology  possesses  this  advantage  over  most  other  sciences,  that 
with  discipline  for  the  mind  it  combines  exercise  for  the  body.  It 
has  power  to  preserve  or  to  restore  the  "  mens  sana  in  corpore  sano.**' 
One  at  least  of  our  most  celebrated  geologists  applied  himself  to  this 
pursuit,  as  a  remedy  for  disorders,  brought  on  by  too  close  an  appli- 
cation to  sedentary  studies.  Health  appears  to  be  a  privilege  almost 
peculiar  to  the  geologist,  among  all  the  sons  of  science.  The  mathe- 
matician undermines  his  constitution  over  his  diagrams  and  his 
equations — the  chemist  inhales  poison,  amidst  the  fumes  of  the 
laboratory— the  anatomist  risks  his  life,  amidst  the  horrors  of  the 
dissecting-room, — but  the  geologist  enjoys  the  robust  health  of  the 
sportsman,  or  the  peasant.     He  breathes  the  purest  air  of  heaven, 
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amidstt  the  loveliest  and  the  sublimest  scenery  of  nature,  whilst 
exploring  those  mountain-recesses,  where  her  mysteries  are  best 
revealed ;  hardy,  active,  and  enterprising,  he  ranges  through  all  the 
realms  of  Europe — now  on  the  summit  of  Ben  Nevis — now  in  the 
caves  of  Stafia^ — ^now  among  the  wilds  of  Connemara — and  now  in 
the  valley  of  the  Arno.  He  has  examined  the  extinct  craters  of 
the  Rhine,  and  the  crater  of  Etna,  still  in  full  activity ;  his  hammer 
has  been  heard  among  the  pine-forests  of  Norway,  and  he  has  looked 
down  from  the  Alps,  and  cried  with  the  poet — 

Creation's  heir — the  world,  the  world  is  mine ! 

He  sees  mankind  under  various  forms  of  government  and  religion. 
He  holds  intercourse  with  men,  whose  sole  bond  of  union  with  him 
is  their  ardour  in  the  cause  of  science.  On  all  other  points  their 
opinions  differ,  and  even  on  some  of  the  controverted  matters  of 
geology  they  are  ranged  on  opposite  sides.  Hence,  he  is  trained  to 
habits  of  moderation  and  forbearance,  and  learns  to  emancipate 
himself  from  the  trammels  of  party. 

Those  ancient  convi^lsions  to  which  the  globe  has  been  subject, 
and  those  physical  features  which  they  have  impressed  upon  its 
surface,  are  not  confined  within  the  narrow  conventional  limits  of 
tribes  or  nations ;  to  study  them,  he  must  have  a  free  and  unmo- 
lested passage  through  all  the  kingdoms  of  the  earth.  Hence,  those 
bad  passions  which  array  nation  against  nation,  injurious  as  they 
are  to  all,  have  this  additional  evil  for  him,  that  they  retard  the 
progress  of  his  science,  which  requires  for  its  developement  nothing 
less  than  the  peace  of  the  world.  The  subjects  of  his  investigations 
are  so  various,  and  the  questions  to  be  solved  by  him  are  so  com- 
plicated, and  so  connected  with  all  the  kingdoms  of  nature,  that  he 
is  prevented  from  devoting  himself  too  exclusively  to  any  one 
branch  of  study ;  he  finds  at  every  step  that  he  needs  the  aid  of 
fellow-labourers  in  other  departments  of  the  great  field  of  know- 
ledge. Hence  arise  new  sympathies ;  and  there  are  many  who  can 
enumerate  among  the  advantages  of  geology,  the  warm  and  endur- 
ing friendships  to  which  it  has  given  birth.  In  the  roving  life  of 
the  geologist,  there  are  charms  unconnected  with  those  of  science : 
he  mingles  in  his  rambles  with  men  of  all  ranks,  and  of  various 
characters,  and  thus  gains  an  opportunity  of  studying  human  nature 
whilst  he  obtains  fresh  knowledge  of  his  profession. 

The  personal  adventures  of  a  geologist  would  form  an  amusing 
narrative.  He  is  trudging  along,  dusty  and  weather-beaten,  with 
his  wallet  at  his  back,  and  his  hammer  on  his  shoulder,  and  he  is 
taken  for  a  stone-mason  travelling  in  search  of  work.  In  mining- 
countries,  he  is  supposed  to  be  in  quest  of  mines,  and  receives  many 
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teniptinpf  offci*s  of  shares  in  the  "  Wheal  Dream,''*  or  the  "  Golden 
Venture  f ** — he  has  been  watched  as  a  smuggler ;  it  is  well  if  he 
has  not  been  committed  as  a  vagrant,  or  apprehended  as  a  spy,  for 
'  he  has  been  refused  admittance  to  an  inn,  or  has  been  ushered  into 
the  room  appropriated  to  ostlers  and  postilions.  When  his  fame 
has  spread  among  the  more  enlightened  part  of  the  community  of  a 
district  which  ho  has  been  exploring,  and  inquiries  are  made  of  the 
peasantry  as  to  the  habits  and  pursuits  of  the  great  philosopher  who 
has  been  among  them,  and  with  whom  they  have  become  familiar, 
it  is  found  that  the  importance  attached  by  him  to  shells  and  stones, 
and  such  like  trumpery,  is  looked  upon  as  a  species  of  derangement, 
but  they  speak  with  delight  of  his  affability,  sprightliness,  and  good- 
humour.  They  respect  the  strength  of  his  arm,  and  the  weight  of 
his  hammer,  as  they  point  to  marks  which  he  inflicted  on  the  rocks, 
and  they  recount  with  wonder  his  pedestrian  performances,  and  the 
voracious  appetite  with  which,  at  the  close  of  a  long  day'^s  work,  he 
would  devour  the  coarsest  food  that  was  set  before  him. 

Geology  can  only  be  studied  thus  by  those  who  are  gifted  with 
leisure  and  affluence,  or  by  those  who  follow  it  as  a  profession  ;  but, 
on  a  less  extended  scale,  it  is  available  to  the  man  of  business  and 
the  man  of  humble  income.  The  rich  and  the  unemployed  will 
find  in  it  a  substitute  for  those  artificial  excitements,  those  frivolous 
and  often  vitiating  and  ruinous  pursuits  to  which  they  arc  driven 
as  a  resource  against  ennui^  and  he  who  is  engaged  in  active  labours 
may  resort  to  it  as  a  relaxation  from  toil  and  care.  If  a  state  of 
total  inactivity  is  unsuitable  for  man,  so  likewise  is  a  state  of  unre- 
mitting labour.  Rest  and  recreation  we  all  require :  change  of 
employment  is  often  equal  to  repose ;  and  where  can  we  find  em- 
ployment or  recreation  so  refreshing  and  invigorating,  both  to  mind 
and  body,  as  this?  What  can  bo  more  delightful  than  to  exchange 
that  conflict  of  passions  and  interests,  which  beset  the  man  of 
business  in  his  intercourse  with  men,  for  that  cahn,  yet  exciting 
interest,  arising  from  converse  with  nature,  and  the  acquirement 
or  discovery  of  truth? 

Geology  has  fields  of  research  suited  to  every  labourer,  and  to 
every  capacity.  On  some  of  its  investigations,  the  highest  intel- 
lectual powers,  and  the  greatest  acquirements  in  abstract  science, 
may  bo  brought  to  boar,  while  many  of  its  problems  may  be  solved 
by  any  one  who  has  eyes  and  will  make  use  of  them.  Extensive 
travel  is  requisite  to  afibrd  comprehensive  views  of  the  structure  of 
the  earth,  and  to  prevent  our  generalizing  from  too  limited  an 
induction;  but  ho  whose  travels  are  confined  within  his  native 
country,  or  within  a  circle  of  twenty  miles  round  his  own  house, 
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may  add  much  to  our  knowledge.  Nor  is  this  class  of  observers  by 
any  means  the  least  useful.  He  who  makes  a  hasty  excursion  through 
a  district,  can  give  but  a  general  outline  of  its  structure,  leaving 
many  important  points  of  detail  to  be  filled  up  by  resident  observers. 
If  we  visit  the  same  cliff  or  the  same  quarry  daily,  for  years,  we 
shall,  at  every  visit,  be  rewarded  with  something  new;  and  there 
are  few  districts  barren  in  objects  of  geological  interest,  however 
deficient  they  may  be  in  the  beauties  of  picturesque  scenery. 


CHAPTER  III. 


The  discoveries  of  geology  not  opposed  to  revealed  religion. — The  Bible 
contains  the  moral  history  of  man^  not  a  revelation  of  physical 
truth — its  language  with  respect  to  natural  phenomena  is  an 
accommodation  to  popular  notions  and  sensible  appearances. — > 
A  long  interval  between  the  creation  of  the  universe  and  th4 
creation  of  man  not  inconsistent  with  the  Sacred  narrative.-^ 
The  Noachian  deluge — the  marine  remains  of  the  stratified  rocks 
once  erroneously  regarded  as  proofs  of  it — the  diluvial  gravel 
since  referred  to  the  same  event  on  insufficient  evidence — not  alt 
contemporaneous — no  proofs  of  its  formation  within  the  human 
era. — There  is  nothing  in  the  history  of  the  flood  to  warrant 
the  expectation  of  finding  geological  monuments  of  it. 

We  have  now  enumerated  some  of  the  advantages  of  geology,  and 
some  of  the  pleasures  attending  the  study  of  it ;  and  is  it  to  be 
wondered  that  a  science  possessing  such  attractions,  so  important  in 
its  results,  so  fertile  in  new  discoveries,  and  whose  lofty  and  bound- 
less speculations  possess  an  interest  almost  poetic,  should  be  remark- 
able  for  the  enthusiasm  with  which  it  inspires  its  votaries,  or  that 
their  number  should  daily  increase?  There  are  those,  however, 
who,  admitting  all  that  can  be  urged  in  its  favour,  would  yet  dis- 
suade us  from  the  study,  as  opposed  to  the  highest  and  best  interests 
of  mankind,  by  tending  to  undermine  our  belief  in  the  truth  of  the 
Sacred  records.  To  these  objectors,  whose  motives  we  must  respect 
though  we  cannot  applaud  their  judgment,  we  would  reply,  that 
their  advice  appears  to  argue  a  lurking  distrust  of  the  truth  of  what 
they  profess  to  believe ;  for  it  amounts  to  a  recommendation  that 
we  should  close  a  great  and  important  chapter  in  the  volume  of 
Ood'*s  works,  lest  it  should  be  found  at  variance  with  the  volume  of 
his  Word.  Conflicting  falsehoods  there  may  be;  but  truth  can 
never  be  opposed  to  truth,  however  they  may  differ  in  their  prin- 
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ciples,  and  In  the  means  by  which  we  obtain  a  knowledge  of  them. 
We  could  never  have  become  acquainted  with  the  relations  of  man 
to  his  Creator,  and  with  God^s  Providence  in  his  dealings  with 
man,  which  is  moral  truth,  except  by  means  of  revelation  ;  neither 
in  the  absence  of  a  revelation  of  physical  truth,  can  we  discover 
those  secondary  causes,  by  means  of  which  the  material  world  ia 
governed,  except  by  observation,  experiment,  and  induction ;  and  as 
long  as  we  adhere  honestly  to  that  course  we  never  can  arrive  at 
anything  but  truth. 

The  study  of  the  material  world  is  nowhere  prohibited,  but,  on 
the  contrary,  has  the  express  sanction  of  many  passages  of  Scripture. 
Greaty  says  the  Psalmist,  are  the  tcorks  of  the  Lord^  sought  out  of  all 
them  that  hate  pleasure  therein;  and  he  never  breathes  more  rap- 
turous devotion,  nor  rises  to  loftier  strains  of  poetry,   than  when 
expatiating  on  the  beauty  and  the  wonders  of  creation.     It  is  true 
there  are  some  natures  which  convert  into  poison  that  which  to 
others  is  wholesome  nutriment,  and  there  are  some  minds  which 
betray  a  morbid  eagerness  to  dicover  in  every  new  fact  in  physical 
science  an  argument  against  the  truth  of  revelation.     But  are  we  to 
abstain  from  that  which  is  in  itself  good  because  others  pervert  it  to 
evil!     If  we,   from  a  laudable,  though  mistaken  zeal,  abjure  the 
study  of  natural  science,  the  infidel  and  the  sceptic  will  not.     They, 
on  the  contrary,  will  pursue  it  the  more  eagerly  the  more  likely 
they  think  it  to  afford  a  position  from  which  revealed  religion  may 
be  successfully  assaulted.     Surely,  then,   the  believer,  instead  of 
leaving  them  in  possession  of  the  field,  ought  to  consider  the  study 
of  natural  science  an  imperative  duty,  that  he  may  be  able  to  foil 
such  assailants  with  their  own  weapons ;  for  if  he  enter  the  contest, 
as  too  many  injudicious  advocates  have  entered  it,  unacquainted 
with  the  true  nature  of  the  phenomena  bearing  on  the  question,  and 
ignorant  of  the  conditions  of  the  problem  ho  undertakes  to  solve,  he 
can  only  bring  discredit  on  the  cause  which  he  attempts  to  serve. 
The  assailants  of  revelation  usually  assume,  and  too  many  of  its 
defenders  argue  on  the  assumption,  that  we  have  reason  to  expect 
a  system  of  physical  science  in  the   Sacred  writings;   but  the 
slightest  consideration  of  the  purpose  for  which  they  were  given, 
must  convince  us  tliat  such  a  revelation  would  have  been  quite  at 
variance  with  their  professed  object.     That  object  was  to  make  man 
acquainted  with  his  relations  to  his  Creator — with  his  original  state 
— his  present  condition — his  future  hopes.     Such  a  communication 
contained  too  much  that  was  humiliating  to  human  pride,  to  obtain 
a  ready  acceptance,  notwithstanding  the  high  credentials  by  which 
it  was  supported ;  and  to  have  connected  with  it  a  system  of  phy- 
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sical  science,  opposed  to  the  prevailing  notions  respecting  the  mate- 
rial world,  instead  of  facilitating  its  reception,  would  have  afforded 
fresh  grounds  for  incredulity,  by  the  announcement  of  facts  appa- 
rently contradicted  by  the  evidence  of  the  senses.  Moreover,  to 
have  made  physical  truth  the  subject  of  revelation,  would  have 
destroyed  its  great  use  as  an  exercise  of  the  reasoning  powers ;  and 
would  have  deprived  it  of  its  highest  interest,  by  superseding  all 
discovery,  and  leaving  to  us  only  the  task  of  committing  to  memory 
that  which  was  plainly  recorded. 

The  object  of  Natural  Religion  is  to  trace  the  Author  of  Nature 
in  his  works ;  and  with  this  physical  science  has  an  intimate  con- 
nexion. The  object  of  Revealed  Religion  is  the  providential  history 
of  man ;  and  with  this  natural  science  has  only  an  incidental  con- 
nexion, arising  out  of  such  physical  facts  as  are  mentioned  in  the 
course  of  that  history. 

We  have  already  briefly  noticed  the  manner  in  which  geology 
confirms  and  extends  the  evidences  of  natural  religion.     Before  we 
proceed  to  examine  its  bearings  on  the  few  physical  facts  recorded 
in  the  Inspired  writings,  let  us  consider  the  case  of  astronomy 
with  respect  to  those  writings.     Astronomy  may  be  regarded  as 
a  nearly  perfect  science ;  and  its  conclusions  rest  upon  a  basis  which 
cannot  be  shaken — mathematical  demonstration,  the  highest  degree 
of  proof  of  which  truth  is  susceptible.     Yet  we  do  not  find  in  the 
Scriptures  the  remotest  hint  by  which  even  a  clue  might  be  obtained 
to  those  great  astronomical  truths,  which  have  been  slowly  and 
laboriously  worked  out  by  the  process  of  observation  and  induction. 
On  the  contrary,  every  notice  of  those  subjects  is  such  as  to  favour 
popular  notions,  derived  from  the  first  sensible  appearances  of  the 
heavens  and  the  earth.     But  surely  we  are  not  therefore  called 
upon  by  true  religion  to  reject  a  system  of  physical  truth,  founded 
on  the  clearest  demonstration,  any  more  than  we  are  required  by 
sound  philosophy  to  disbelieve  a  revelation  of  moral  truth,  supported 
by  its  appropriate  train  of  moral  evidence  and  credible  testimony. 
Ought  we  not  rather  to  consider  the  manner  in  which  the  pheno- 
mena of  the  natural  world  are  spoken  of  in  the  Scriptures  as  a  proof 
that  the  moral  destiny  of  man  is  all  that  has  been  revealed ;  that 
the  phenomena  and  laws  of  the  material  world  are  left  to  be  disco- 
vered by  human  reason ;  and  that,  when  speaking  incidentally  on 
subjects  connected  with  physical  science,  the  language  of  inspiration 
has  been  accommodated  to  popular  notions  and  sensible  appearances, 
in  the  same  manner  that  when  speaking  of  his  own  incomprehen- 
sible attributes  the  Almighty  has  adopted  language  suited  to  human 
comprehension? 

D  2 
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No  sane  person  would  now  attempt  to  overthrow  the  modem 
system  of  astronomy  by  appeals  to  the  text  of  Scripture.  But 
stronomy  was  not  always  in  its  present  matured  state*  It  has 
been  said  of  our  science  that  it  is  scarcely  yet  out  of  its  cradle ;  and 
its  present  state  may  be  compared  to  that  of  astronomy  when  the 
discoveries  of  Galileo  were  deemed  hostile  to  religion.  But,  after 
all,  the  facts  hitherto  brought  to  light  by  the  researches  of  geology, 
are  more  in  accordance  with  the  text  of  Scripture  than  are  those  of 
astronomy.  What  can  be  gathered  from  the  brief  account  of  the 
creation  contained  in  the  first  chapter  of  Genesis,  more  than  this : 
that  the  world  was  not  self-existent  and  eternal ;  that  it  was  called 
into  being  by  the  fiat  of  an  Almighty  Creator ;  and  that,  though  He 
could  have  produced  it  in  an  instant,  clothed,  as  we  now  behold  it, 
with  plants,  and  furnished  with  inhabitants,  it  was  his  pleasure 
to  proceed  gradually  in  the  work  of  creation ;  and  that  man  was  the 
last,  as  he  is  the  noblest,  of  his  Maker'*s  works  t  And  what,  we 
would  again  ask,  is  there  in  the  phenomena  of  geology  inconsistent 
with  this  i  It  may  be  doubtful  whether  we  see  the  remains  of  the 
earliest  races  of  beings  by  which  the  waters  were  inhabited ;  and 
there  may  be  a  difference  of  opinion,  in  the  present  state  of  our 
knowledge,  whether  there  were  any  animals  of  the  higher  ordera 
contemporary,  as  inhabitants  of  the  land,  with  those  marine  races, 
whose  remains  we  find  in  the  ancient  strata,  but  the  recent  origin 
of  man,  as  we  have  before  shown,  does  not  admit  of  a  doubt.  On 
that  point  all  geologists  are  agreed, — those  who  believe  the  Sacred 
records  and  those  who  do  not ;  and,  as  Cuvier  has  said,  wo  cannot, 
from  geological  monuments,  date  the  introduction  of  the  human 
race  upon  the  earth  at  a  more  remote  period  than  about  six  thousand 
years  ago. 

With  regard  to  the  time  occupied  in  the  gradual  work  of 
creation,  there  have  been  differences  of  opinion  arising  out  of  the 
text  itself,  independent  of  any  geological  investigations ;  and  though 
the  majority  of  commentators  have  maintained,  that  by  the  days  of 
creation  are  to  be  understood  periods  of  time  equal  to  that  in  which 
the  earth  performs  a  revolution  on  its  axis,  others  have  contended 
that  they  might  be  periods  of  long  and  definite,  though,  to  us, 
unknown  duration. 

But  this  extension  of  the  term  is  by  no  means  necessary;  for 
the  phenomena  of  geology  may  be  reconciled  with  the  Mosaic 
account  of  the  creation  by  the  supposition  that,  after  God  had,  ''  in 
the  beginning,^'  created  the  heaven  and  the  earth,  a  long,  undefined 
period  may  have  elapsed,  during  which  a  series  of  revolutions  may 
have  taken  place,  which  are  i)assed  over  in  silence,  as  being  totally 
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unconnected  with  the  history  of  the  human  race ;  that,  at  the  ter<p 
mination  of  this  period,  the  earth  was  in  the  chaotic  state  described 
in  the  second  verse  of  Genesis ;  and  that,  at  this  point,  the  narrative 
of  the  six  days  of  creation  commences ;  during  which  the  earth  was 
again  restored  to  order,  covered  with  the  existing  races  of  plants 
and  animals,  and  finally  made  the  abode  of  man. 

On  either  interpretation  of  the  term  day^  whether  it  be  restricted 
to  days  of  twenty-four  hours,  or  be  extended  to  periods  of  definite 
but  unknown  duration,  a  difficulty  will  remain,  connected  rather 
with  astronomy  than  with  geology.  This  difficulty  is,  that  accord- 
ing to  the  received  interpretation,  the  sun  was  not  created  till  the 
fourth  day.  If,  therefore,  the  word  day  is  to  be  taken  in  its  ordinary 
acceptation,  those  days  that  succeeded  the  creation  of  the  sun  must 
have  been  very  different  from  those  that  preceded  that  event ;  and 
if,  by  days,  we  are  to  understand  long  periods,  then,  during  three  of 
those  long  periods,  the  earth  must  have  existed  independent  of  those 
laws  of  gravitation  of  which  the  sun  is,  to  our  system,  the  centre, 
and  not  only  must  it  have  so  existed,  but  during  one  of  those  long 
periods  it  must  have  been  clothed  with  vegetation,  ''  herb  yielding 
seed,  and  fruit-tree  bearing  fruit,*^  without  the  aid  of  solar  influence. 
But  this  difficulty  will  be  removed  by  adopting  the  interpretation 
suggested  by  Dr.  Buckland,  in  his  Bridgevcater  Treatise;  that  the 
sun  and  moon  were  not  called  into  existence  on  the  fourth  day; 
that  they  were  then  prepared  and  ordained  to  certain  offices  of  high 
;importance  to  mankind,  who  were  shortly  to  be  created.  According 
to  this  interpretation,  the  heaven  and  the  earth,  declared  in  the  first 
verse  to  have  been  created  by  Ood  in  the  beginning,  mean  the 
universe,  including  the  sidereal  systems,  with  the  planets  and  their 
satellites;  the  earth  being  specially  mentioned,  as  the  subsequent 
scene  of  those  creative  operations  which  were  about  to  be  described. 
A  long,  undefined  period,  to  which  we  have  before  alluded,  between 
this  primitive  creation  and  the  present  order  of  things,  is  supposed 
to  have  terminated ;  and  with  it  to  have  terminated  a  long  series  of 
geological  epochs.  This  would  be  the  commencement,  or  evening, 
of  the  first  day,  when  the  earth  lay  in  confusion  and  emptiness,  the 
wreck  and  ruins  of  a  former  state,  involved  in  temporary  darkness 
and  a  temporary  state  of  submergence.  The  work  of  the  first  morn- 
ing was  to  dispel  the  darkness  that  overspread  the  ancient  earth. 
On  the  third  day  the  waters  were  commanded  to  bo  gathered  into 
one  place  and  the  dry  land  to  appear;  but  neither  land  nor  waters 
are  said  to  have  been  created  on  that  day.  The  same  interpretation 
may  be  applied  to  the  fourteenth  and  four  following  verses ;  what 
is  there  stated  respecting  the  celestial  luminaries  appearing  to  bo 
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spoken  without  any  regard  to  their  real  importance  in  the  univeree, 
but  solely  with  reference  to  our  planet  and  the  human  race.  Light 
may  have  been  re-admitted  to  the  earth  on  the  first  day,  the  exciting 
cause  of  light  remaining  obscured  by  mists  which  hung  over  the 
earth,  and  the  further  purification  of  the  atmosphere,  on  the  fourth 
day,  may  have  caused  the  sun,  moon,  and  stars,  to  re-appear  in  the 
firmament,  and  to  assume  their  new  relations  to  the  human  race 
and  the  re-constructed  earth. 

The  declaration,  in  this  place,  that  Gk>d  made  them,  will  then 
merely  be  a  repetition  and  amplification  of  part  of  the  first  verse, 
intended  to  warn  the  Israelites  against  that  early  and  prevalent  super- 
stition which  led  to  the  worship  of  the  host  of  heaven.  These 
explanations,  by  which  the  letter  of  the  text  of  Grenesis  is  reconciled 
with  geological  phenomena,  are  supported  by  Dr.  Buckland,  by  the 
authority  of  Hebrew  critics,  and  of  several  learned  and  pious  divines. 
He  further  shows  that  it  had  long  been  a  question  among  theologians, 
whether  the  first  verse  of  Genesis  ought  to  be  considered,  prospec- 
tively, as  a  summary  announcement  of  that  creation,  the  details  of 
which  are  given  in  the  records  of  the  six  successive  days,  or  as  an 
abstract  statement,  that  the  universe  was  created  by  God,  without 
defining  the  period  when  that  creation  took  place ;  and  it  is  also 
stated,  on  the  authority  of  the  Regius  Professor  of  Hebrew,  at 
Oxford,  that,  in  some  old  editions  of  the  English  Bible,  in  which 
there  is  no  division  into  verses,  there  is  a  break  at  the  end  of  what 
IS  now  the  second  verse ;  and  that,  in  Luther^s  Bible,  (Wittenberg, 
1557,)  there  is,  moreover,  the  figure  1  placed  against  the  third 
verse,  as  being  the  beginning  of  the  account  of  the  creation  of  the 
first  day. 

Referring  those  who  are  desirous  of  seeing  this  question  more 
fully  discussed,  to  the  interesting  volume  from  which  the  above 
abstract  is  taken,  we  shall  conclude  this  part  of  the  subject  in  the 
words  with  which  Dr.  Buckland  concludes  his  chapter  on  the 
consistency  of  geological  discoveries  with  sacred  history. 

"  After  all,""  he  says,  "  it  should  be  recollected  that  the  question 
is  not  respecting  the  correctness  of  the  Mosaic  narrative,  but  of  our 
interpretation  of  it ;  and  still  further  it  should  be  borne  in  mind, 
that  the  object  of  this  Account  was  not  to  state  in  tchat  manner^  but 
by  tchom,  the  world  was  made.  As  the  prevailing  tendency  of  men, 
in  those  early  days,  was  to  worship  the  most  glorious  objects  of 
nature,  namely,  the  sun,  and  moon,  and  stars,  it  should  seem  to 
have  been  one  important  point  in  the  Mosaic  account  to  guard  the 
Israelites  against  the  polji;heism  and  idolatry  of  the  nations  around 
them,  by  announcing,  that  all  these  magnificent  celestial  bodies  were 
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no  gods,  but  the  work  of  one  Almighty  Creator,  to  whom,  alone, 
the  worship  of  mankind  was  due*.'^ 

Having  thus  endeavoured  to  show,  that  as  regards  the  recent 
origin  of  the  human  race,  the  researches  of  geologists  confirm  the 
Sacred  narrative ;  and  that  the  high  antiquity  which  they  claim  for 
the  globe,  on  the  evidence  of  a  vast  series  of  extinct  races  of  organized 
bodies,  entombed  in  the  earth^s  (rust,  is  by  no  means  inconsistent 
with  the  literal  interpretation  of  that  narrative,  the  only  remaining 
event  mentioned  in  Scripture  which  can  have  any  connexion  with 
geology  is  the  general  deluge. 

Phenomena  of  two  opposite  kinds  have,  at  different  times,  been 
appealed  to  as  evidences  of  that  event, — the  organic  remains  con- 
tained in  the  stratified  rocks,  and  the  loose  covering  of  gravel,  clay, 
and  sand,  distributed  over  the  surface  of  the  earth. 

When  the  study  of  the  structure  of  the  earth  first  began  to 
attract  the  attention  of  Europe,  in  the  beginning  of  the  sixteenth 
century,  the  marine  remains  discovered  gave  rise  to  much  discus- 
43ion;  some  maintaining  that  they  were  not  real  remains,  but  mere 
sports  of  Nature,  formed  by  what  they  called  a  "plastic  force,** 
which  had  power,  it  was  said,  to  fashion  stones  into  the  forms  of 
organic  bodies.  Others  contended  that  they  were  the  real  exuviae 
of  animals  that  had  lived  and  died  on  the  spots  where  their  remains 
occurred ;  and  others  again  contended  that  they  were  left  in  their 
present  situations  by  the  Noachian  deluge,  to  the  transient  action 
of  which  they  attributed  the  formation  of  the  stratified  rocks,  in  all 
their  vast  thickness,  with  their  numerous  subdivisions,  and  with  all 
their  successive  groups  of  extinct  races. 

More  than  a  century  was  spent  in  proving  the  animal  origin  of 
these  remains,  and  in  refuting  the  notion  of  their  having  been  pro- 
duced by  a  "  fermentive  process**  or  "  a  plastic  virtue,*^  and  for 
more  than  another  century  and  a  half,  the  discussion  was  maintained 
whether  they  were  the  remains  of  animals  gradually  accumulated 
at  the  bottom  of  the  sea,  subsequently  converted  into  dry  land,  or 
whether  they  were  left  by  the  deluge  of  the  Sacred  writings.  The 
latter  opinion  was  not  finally  abandoned  by  geologists,  till  the  close 
of  the  eighteenth  century ;  when  Werner,  in  Oermany,  and  Smith, 
in  England,  had,  independent  of  each  other,  established  the  order  of 
succession  of  the  stratified  rocks ;  and  Smith  had  proved  that  each 
group  of  strata  is  characterized  by  its  pecidiar  group  of  organic 
remains.  The  researches  of  Cuvier  among  the  extinct  animals  of 
the  tertiary  formations  of  the  Paris  basin,  were  likewise  affording 

*  B(JCKLAKD*8  Bridgewater  Treatue^  voL  i.,  p.  33. 
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additional  proofs  of  tbe  gradual  accnmnlation  of  strata,  and  of  the 
remoteness  of  the  forms  of  mammalia  imbedded  in  even  these  com- 
paratively modem  rocks,  from  any  forms  now  living  on  the  face  of 
the  earth. 

About  the  same  time,  the  notice  of  observers  was  attracted  to 
the  water-moved  gravel,  and  other  phenomena  indicating  the  passage 
of  large  bodies  of  water,  at  a  rec^t  epoch,  over  a  great  part,  not  of 
Europe  only,  but  of  the  Northern  hemisphere.  This  gravel  is  com- 
posed chiefly  of  fragments  of  the  rocks  of  the  neighboorhood  in 
various  states  of  attrition,  mixed  with  others  which  must  have  been 
drifted  from  a  distance,  and  are  now  found  considerably  to  the  south 
of  the  rocks  from  which  they  have  been  derived. 

Huge  blocks  of  granite  and  other  rocks,  dispersed  through  and 
lying  upon  this  gravel,  are  found  in  situations  far  to  the  south  of 
their  parent-rocks ;  and  have  frequently  been  lodged  in  a  most  extra- 
ordinary manner,  high  on  the  flanks  of  mountains,  between  which, 
and  the  chains  from  which  they  were  derived,  wide  and  deep  vaUejrs 
intervene.  Bones  of  mammiferous  quadrupeds,  of  existing  genera, 
but  of  species  extinct,  or  existing  at  present  only  in  warm  climates, 
are  found  in  this  drifted  matter,  mixed  with  some  that  are  now 
inhabitants  of  Europe ;  and,  within  the  last  few  years,  fragments 
of  marine  shells,  of  existing  species,  have  been  discovered  in  it,  in 
various  parts  of  Great  Britain  and  Ireland,  sometimes  at  considerable 
heights. 

These  e^ndenees  of  diluvial  action  were  next  connected  by 
geologists  with  the  Noachian  deluge,  and  with  much  greater  proba* 
bilitv  than  the  stratified  rocks  which  had  been  referred  to  that  event. 
This  h^-pothesis,  first  propounded  by  De  Luc  and  other  observers, 
was  warmly  taken  up  by  Dr.  Buckland,  who  gave  to  this  transported 
gravel  the  name  of  diluvium.  The  new  diluvial  theory  obtained 
the  support  and  sanction  of  Cuvier,  and  soon  became  popular  among 
geologists.  There  were  some  few,  however,  who  ventured  to  dissent 
from  it  even  during  the  height  of  its  popularity,  objecting  to  it  that 
it  represented  the  flood  of  the  Scriptures  as  an  impetuous  torrent 
which  had  greatly  modified  the  surface  of  the  earth,  excavating 
valleys,  tran8]H>rting  immense  blocks  of  rock,  and  covering  hills, 
as  well  as  valleys,  with  vast  accumulations  of  debris;  whereas 
it  should  appear  from  the  brief  narrative  of  that  event  in  Genesis, 
that  the  rise  and  retirement  of  the  waters  were  gradual,  and  even 
that  vegetation  was  not  dostroyeil  by  them.  It  was  objected,  more- 
over, that  in  the  gravel  supposetl  to  have  resulted  from  this  deluge, 

no  human  remains  or  works  of  art  had  ever  l>ecn  found,  but  onlv 

• 

the  remains  of  animals,  a  largo  pro)H)rtion  of  which  belonged  to 
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extinct  species.  As  our  knowledge  of  the  tertiary  strata  extended, 
it  was  seen  that  lacustrine  and  marine  deposits,  of  gradual  accumu- 
lation, and  belonging  to  different  epochs,  had  been  confounded  with 
this  diluvium.  There  appeared,  too,  reason  for  supposing  that  some 
of  the  extinct  volcanic  cones  of  central  France,  and  some  of  the 
minor  cones  on  the  flanks  of  Etna,  were  formed  at  an  era  more 
remote  than  that  of  the  historic  deluge,  or  the  human  race ;  and 
they  exhibited  no  traces  of  diluvial  action,  though  consisting  of  loose 
scoriae  and  sand,  which  could  not,  for  a  moment,  have  resisted  the 
rush  of  a  violent  flood.  The  investigations,  moreover,  of  Elie  de 
Beaumont  showed  that  the  mountain-chains  of  Europe  had  been 
elevated  at  several  distinct  epochs ;  and  geologists  began  to  connect 
the  superficial  gravel  with  these  periods  of  elevation,  supposing  that, 
in  some  cases,  it  had  been  shot  oif  the  flanks  of  the  nearest  moun- 
tains during  their  elevation,  or  that  the  violent  agitation  into 
which  parts  of  the  ocean  had  been  thrown  by  the  sudden  upheaving 
of  its  bed,  had  given  rise  to  great  waves  which  had  rushed  over  the 
land. 

The  hypothesis  which  attributed  all  the  superficial  gravel  in  the 
world  to  one  event,  and  that  the  Noachican  deluge,  was  abandoned 
successively  by  those  who,  for  a  time,  had  been  some  of  its  most 
zealous  supporters.  Professor  Sedgwick  renounced  it  from  the 
chair  of  the  Geological  Society,  in  the  year  1831,  in  the  following 
words : — 

^^  Bearing  upon  this  difficult  question,  there  is,  I  think,  one  great 
negative  conclusion  now  incontestibly  established, — that  the  vast 
masses  of  diluvial  gravel  scattered  almost  over  the  surface  of  the 
earth,  do  not  belong  to  one  violent  and  transitory  period.  It  was, 
indeed,  a  most  unwarranted  conclusion  when  we  assumed  the  con- 
temporaneity of  all  the  superficial  gravel  upon  the  earth.  We  saw 
the  clearest  traces  of  diluvial  action,  and  we  had,  in  our  Sacred  his- 
tories, the  record  of  a  general  deluge.  On  this  double  testimony, 
we  gave  unity  to  a  vast  succession  of  phenomena,  not  one  of  which 
we  perfectly  comprehended,  and  under  the  name  of  diluvium  we 
classed  them  all  together. 

*^  To  seek  the  light  of  physical  truth,  by  reasoning  of  this  kind, 
is,  in  the  language  of  Bacon,  to  seek  the  living  among  the  dead,  and 
will  ever  end  in  erroneous  induction.  Our  errors  were,  however, 
natural,  and  of  the  same  kind  which  led  many  excellent  observers 
of  a  former  century  to  refer  all  the  secondary  formations  of  geology 
to  the  Noachian  deluge.  Having  been  a  believer,  and  to  the  best  of 
my  power,  a  propagator  of  what  I  now  regard  as  a  philosophic  heresy, 
and  having  more  than  oncQ  been  quoted  for  opinions  I  do  not  no^y 
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maintain,  I  think  it  right,  as  one  of  my  last  acts  before  I  quit  this 
chair,  thus  publicly  to  read  my  recantation. 

'^  We  ought,  indeed,  to  have  paused,  before  we  first  adopted  the 
diluvial  theory,  and  referred  all  our  old  superficial  gravel  to  the 
action  of  the  Mosaic  flood.  For  of  man,  and  the  works  of  his 
hands,  we  have  not  yet  found  a  single  trace  among  the  remnants  of 
a  former  world  entombed  in  these  ancient  deposits.  In  classing 
together  distant  unknown  formations  under  one  name;  in  giving 
them  a  simultaneous  origin ;  and  in  determining  their  date,  not  by 
the  organic  remains  we  had  discovered,  but  by  those  we  expected 
hypothetically  hereafter  to  discover  in  them;  we  have  given  one 
more  example  of  the  passion  with  which  the  mind  fastens  upon 
general  conclusions,  and  of  the  readiness  with  which  it  leaves  the 
consideration  of  unconnected  truths. 

^'  Are,  then,  the  facts  of  our  science  opposed  to  the  Sacred 
records!  And  do  we  deny  the  reality  of  an  historic  deluge!  I 
utterly  reject  such  an  inference.  Moral  and  physical  truth  may 
partake  of  a  common  essence,  but,  as  far  as  we  are  concerned,  their 
foundations  are  independent,  and  have  not  one  common  element. 
And  in  the  narrations  of  a  great  fatal  catastrophe  handed  down  to 
us,  not  in  our  Sacred  books  only,  but  in  the  traditions  of  all  nations, 
there  is  not  a  word  to  justify  us  in  looking  to  any  mere  physical 
monuments  as  the  intelligible  records  of  that  event :  such  monu* 
ments,  at  least,  have  not  yet  been  found,  and  it  is  not,  perhaps, 
intended  that  they  ever  should  be  found.  If,  however,  we  should 
hereafter  discover  the  skeletons  of  ancient  tribes,  and  the  works  of 
ancient  art,  buried  in  the  superficial  detritus  of  any  large  region  of 
the  earth ;  then,  and  not  till  then,  we  may  speculate  about  their 
stature,  and  their  manners,  and  their  numbers,  as  we  now  speculate 
among  the  disinterred  ruins  of  an  ancient  city. 

^^  We  might,  I  think,  rest  content  with  such  a  general  answer 
as  this.  But  we  may  advance  one  step  further, — History  is  a  con- 
tinued record  of  passions  and  events  unconnected  with  the  enduring 
laws  of  mere  material  agents.  The  progress  of  physical  induction, 
on  the  contrary,  leads  us  on  to  discoveries,  of  which  the  mere  light 
of  history  would  not  indicate  a  single  trace.  But  the  facts  recorded 
in  history  may  sometimes,  without  confounding  the  nature  of  moral 
and  physical  truth,  he  brought  into  a  general  accordance  with  the 
known  phenomena  of  nature;  and  such  general  accordance  I  affirm 
there  is,  between  our  historical  traditions  and  the  phenomena  of 
geology.  Both  tell  us,  in  a  language  easily  understood,  though 
written  in  far  different  characters,  that  man  is  a  recent  sojourner  on 
the  surface  of  the  eartL     Again,  though  we  have  not  yet  found  the 
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certain  traces  of  any  great  diluvial  catastrophe,  which  we  can  affirm 
to  be  within  the  human  period;  we  have,  at  least,  shown  that 
paroxysms  of  internal  energy,  accompanied  by  the  elevation  of 
mountain-chains,  and  followed  by  mighty  waves  desolating  whole 
regions  of  the  earth,  were  a  part  of  the  mechanism  of  nature.  And 
what  has  happened  again  and  again,  from  the  most  ancient  up  to  the 
most  modem  periods  in  the  natural  history  of  the  earth,  may  have 
happened  once  during  the  few  thousand  years  that  man  has  been 
living  on  its  surface.  We  have,  therefore,  taken  away  all  anterior 
incredibility  from  the  fact  of  a  recent  deluge ;  and  we  have  prepared 
the  mind,  doubting  about  the  truth  of  things  of  which  it  knows  not 
either  the  origin  or  the  end,  for  the  adoption  of  this  fact  on  the 
weight  of  historic  testimony  *.'' 

Dr.  Buckland  himself  has,  at  length,  abandoned  the  theory, 
which,  through  him,  obtained  so  much  celebrity.  We  will  give  his 
recantation,  likewise,  in  his  own  words,  taken  from  a  note  on  this 
subject  in  his  Brid^ewater  Treatise, 

"  The  evidence  which  I  collected  in  my  Reliquim  Dilwcianw^ 
1823,  shows  that  one  of  the  last  great  physical  events  which  have 
aifected  the  surface  of  the  earth,  was  a  violent  inundation,  which 
overwhelmed  great  part  of  the  Northern  hemisphere;  and  that  this 
event  was  followed  by  the  sudden  disappearance  of  the  species  of 
terrestrial  quadrupeds  which  had  inhabited  these  regions  in  the 
period  immediately  preceding  it.  I  also  ventured  to  apply  the  name 
diluvium  to  the  superficial  beds  of  gravel,  clay,  and  sand,  ivhich 
appear  to  have  been  produced  by  this  great  irruption  of  water. 

^^  The  description  of  the  facts  that  form  the  evidence  presented  in 
this  volume,  is  kept  distinct  from  the  question  of  the  identity  of  the 
event  attested  by  them  with  any  deluge  recorded  in  history.  Dis- 
coveries which  have  been  made  since  the  publication  of  this  work, 
show  that  many  of  the  animals  therein  described,  existed  during 
more  than  one  geological  period,  preceding  the  catastrophe  by  which 
they  were  extirpated.  Hence,  it  seems  probable,  that  the  event  in 
question  was  the  last  of  the  many  geological  revolutions  that  have 
been  produced  by  violent  irruptions  of  water,  rather  than  by 
the  comparatively  tranquil  inundation  described  in  the  Inspired 
narrative. 

^^  It  has  been  justly  argued  against  the  attempt  to  identify  these 
two  great  historical  and  natural  phenomena,  that,  as  the  rise  of  the 
waters  of  the  Mosaic  deluge  is  represented  to  have  been  gradual,  and 
of  short  duration,  they  would  have  produced  comparatively  little 

*  Sedowick*s   Anniversary   Address,  1831; — Proceedings  of  the    Geological 
Society^  vol.  L,  p.  313. 
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change  on  the  surface  of  the  country  overflowed.  The  large  prepon- 
derance of  extinct  species  among  the  animals  we  find  in  caves,  and 
in  superficial  deposits  of  diluvium,  and  the  non-discovery  of  human 
bones  along  with  them,  afford  other  strong  reasons  for  referring  these 
species  to  a  period  anterior  to  the  creation  of  man.  This  important 
point,  however,  cannot  be  considered  as  completely  settled,  till  more 
detailed  investigations  of  the  newest  members  of  the  Pliocene,  and 
of  the  diluvial  and  alluvial  formations  shall  have  taken  place."" 

If,  then,  we  be  asked,  are  there  no  traces  upon  the  earth  of  the 
deluge  of  the  Inspired  writings!  we  can  only  reply,  in  the  words 
above  quoted  from  Professor  Sedgwick,  that  none  have  yet  been 
found,  and  that  perhaps  it  is  not  intended  that  they  ever  should  be 
found;  or  we  may  adopt  the  argument  respecting  the  Mosaic 
deluge  contained  in  the  following  extract  from  Mr.  Lyell,  who 
denies  that  there  are  sufficient  geological  data  for  inferring  that 
instantaneous  upheavement  of  mountain-chains,  and  of  great  waves 
arising  therefrom,  which  are  considered  by  Professor  Sedgwick  to 
have  removed  the  anterior  incredibility  of  an  historic  deluge.^^ 

"  I  may  observe,^'  says  Mr.  Lyell,  "  that  the  reasoning  above 
alluded  to  seems  to  proceed  entirely  on  the  assumption  that  th^ 
flood  of  Noah  was  brought  about  by  natural  causes;  just  as  some 
writers  have  contended  that  a  volcanic  eruption  was  the  instrument 
employed  to  destroy  Sodom  and  Gomorrah.  If  we  believe  the 
flood  to  have  been  a  temporary  suspension  of  the  ordinary  laws  of 
the  natural  world,  requiring  a  miraculous  intervention  of  Divine 
power,  then,  it  is  evident  that  the  credibility  of  such  an  event  can- 
not be  enhanced  by  any  series  of  inundations,  however  analogous,  of 
which  the  geologist  may  imagine  that  he  has  discovered  the  proofs. 
For  my  own  part,  I  have  always  considered  the  flood,  when  its 
universality,  in  the  strictest  sense  of  the  term,  is  insisted  upon,  as 
a  preternatural  event,  far  beyond  the  reach  of  philosophical  inquiry^ 
whether  as  to  the  causes  employed  to  produce  it,  or  the  effects  likely 
to  result  from  it.  At  the  same  time,  it  is  clear,  that  they  who  are 
desirous  of  pointing  out  the  coincidence  of  geological  phenomena 
with  the  occurrence  of  such  a  general  catastrophe,  must  neglect  no 
one  of  the  circumstances  enumerated  in  the  Mosaic  history,  least  of 
all,  so  remarkable  a  fact,  as  that  the  olive  remained  standing  while 
the  waters  were  abating*.*" 

We  trust  enough  has  now  been  advanced  to  convince  the  most 
timid  that  there  is  nothing  to  be  feared  for  the  cause  of  revealed 
religion  from  the  investigations  of  geologists,  though  they  ascribe  tq 
the  earth  a  higher  antiquity  than  has  been  supposed  to  belong  to  it, 

•  Principlei  qf  Geology.    4th  edition,  vol.  iv.,  pu  219. 
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in  consequence,  as  we  conceive,  of  an  erroneous  interpretation  of  the 
first  two  verses  of  the  Bible;  or,  though  they  declare  that  they  have 
not  seen  on  the  earth^s  surface,  any  traces  of  a  general  deluge.  No 
uneasiness  is  now  felt,  because  the  language  of  Scripture,  with 
respect  to  astronomical  phenomena,  is  not  in  accordance  with  the 
present  state  of  our  knowledge  respecting  the  universe.  The  expla* 
nation  offered,  in  that  case,  by  commentators  on  the  Bible,  is  that 
*'  the  Sacred  writers  were  not  inspired  to  speak  of  natural  things 
with  philosophical  exactness,  but  were  left  to  use  popular  language, 
and  to  discourse  of  them  according  to  their  appearances*,^  and  the 
only  reason  that  any  alarm  is  felt  at  the  wonders  brought  to  light 
by  geology,  is  their  novelty.  When  they  shall  have  had  the  sane-* 
tion  of  another  century,  or  even  less,  they  will  not  be  deemed  more 
dangerous  to  religion  than  the  discoveries  of  Newton. 

It  is  by  no  means  unusual  to  commence  an  elementary  treatise 
with  an  historical  account  of  the  science  which  forms  the  subject  of 
it.  Following  this  course,  we  should  now  enter  into  the  history 
of  the  rise  and  progress  of  geology,  commencing  ab  ow>  with  the 
cosmological  opinions  of  the  priests  of  Egypt  and  Brahmins  of 
India,  and  the  speculations  of  the  philosophers  of  Greece  and 
Bome,  founded  on  the  obvious  fact  of  the  occurrence  of  marine 
6heUs  in  situations  remote  from  the  sea.  We  should  then  pro^ 
ceed  to  show  how,  when  the  Roman  empire  was  overthrown 
by  barbarians,  geology — such  as  it  was — took  refuge  in  Arabia; 
and  how,  on  the  revival  of  learning  in  Europe,  it  first  re-appeared 
in  Italy,  whence  we  should  trace  its  progress  into  Britain, 
France,  and  Germany.  We  should  expose  the  folly,  though  it 
passed  for  wisdom  in  its  day,  of  the  cosmological  dreams  of 
Burnet,  Whiston,  and  BufTon.  We  should  show  how  Werner 
advanced,  and  how  he  retarded,  the  progress  of  geological  know- 
ledge, and  should  enter  into  a  history  of  the  controversies  which 
agitated  the  rival  schools  of  Freyberg  and  Edinburgh ;  in  which  the 
names  of  Neptune  and  Vulcan,  of  Werner  and  Hutton,  were  the 
watchwords  and  the  rallying  cries,— controversies  which,  to  the 
scandal  of  science,  were  conducted,  not  in  the  calm  spirit  of  philo- 
sophical inquiry,  but  with  all  the  warmth  and  intemperance,  and 
bitterness,  of  a  borough  election,  or  a  vestry  squabble.  We  should 
then  detail  the  labours  and  noble  generalizations  of  Smith  and 
Cuvier,  and  advert  to  that  grand  epoch  in  the  science,  the  formation 
of  the  Geological  Society  of  London;  when  wearied  with  the  Nep- 
tunian controversy,  geologists  became  convinced  that  the  time  was 
not  yet  arrived,  when  they  could  form  a  true  theory  of  the  earth ; 

*  Scott'b  BiNe,    Note  on  Genesis  L  10. 
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but  that  tliey  must  be  contented,  for  a  long  time,  to  devote  them« 
gelves  to  the  observation  of  facts  and  the  accumulation  of  data  for 
future  generalizations ;  and  we  should  then  point  out  the  mighty 
results  which  have  followed  from  a  steady  perseverance  in  this 
system,  during  thirty  years,  so  that  the  progress  of  geology  has,  by 
these  means,  been  greater  during  that  period,  than  during  the  three 
centuries  which  preceded  it.  But  to  conmience  a  work  professing 
to  teach  the  elements  of  geology,  or  of  any  science,  with  a  history  of 
its  rise  and  progress,  appears  inconvenient,  to  say  the  least  of  it, 
because  it  supposes,  in  those  who  are  addressed,  a  certain  previous 
acquaintance  with  the  very  subject  they  require  to  learn.  Our 
object  is  to  guide  our  readers  into  the  plain  and  straight-forward 
road  to  geological  truth,  by  setting  before  them  the  real  discovericB 
of  the  science ;  and,  surely,  that  object  is  not  likely  to  be  advanced 
by  first  leading  them  aside  into  every  by-path  of  error  in  which  they 
can  possibly  lose  their  way,  recounting  all  the  absurdities  into 
which  men  fell,  when,  giving  rein  to  the  imagination,  they  con«* 
structed  systems  of  cosmogony,  upon  the  foundation  of  a  few  ill- 
observed  facts,  and  often  without  the  observation  of  any  facts  at 
all.  Our  object  is  to  exhibit  the  amount  of  light  at  present  possessed 
by  geologists,  and  it  would  be  but  a  waste  of  time  to  show  how, 
and  how  long,  they  groped  about  in  darkness,  before  they  found 
that  light. 

We  agree  with  Professor  Phillips,  that  "  the  history  of  the  pro* 
gress  of  opinions  in  geology  may  be  useful  as  a  warning  to  men 
advanced  in  geological  inquiries  not  to  reason  upon  assumptions 
while  facts  remain  to  be  explored,  and  to  repress  that  impatience  of 
spirit,  which  ever  seeks  to  anticipate  observation  by  the  efforts  of 
invention:  but  that  the  student  ought,  if  possible,  to  be  kept  in 
impartial  ignorance  of  these  conflicting  hypotheses,  which  are  apt  to 
fascinate  the  young  and  imaginative  mind*."  We  shall,  therefore, 
defer  for  the  present,  or  wholly  omit,  a  history  of  the  rise  and  pro- 
gress of  geology;  and  shall  proceed  to  the  consideration  of  the 
materials  of  which  the  earth's  crust  is  composed,  and  of  the  order  in 
which  they  are  arranged. 

*  riiiLi.iP8*s  Guide  to  Geology ^  p.  5. 
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CHAPTER  IV. 

Materials  comporing  ike  crust  of  the  earth, — Simple  bodies — their 
mode  of  combination — definite  proportions — chemical  nomencla- 
ture. — Simple  minerals  as  distinguished  from  simple  bodies.^' 
The  gases — oxygen — hydrogen — nitrogen — chlorine— fluorine. 

Although  it  is  not  necessary  for  a  geologist  to  be  profoundly  versed 
in  chemistry  and  mineralogy,  yet  a  certain  general  acquaintance 
with  those  sciences  is  indispensable  to  the  successful  prosecution 
of  his  own.  It  will  therefore  be  our  endeavour,  in  the  present 
chapter,  to  communicate  to  the  geological  student  something  of  this 
necessary  chemical  and  mineralogical  knowledge. 

The  chemist  divides  all  material  substances  into  two  classes,—* 
simple  and  compound.  Simple,  or  elementary  substances,  are  those 
out  of  which  nothing  different  from  themselves  can  be  obtained ;  they 
contain  but  one  kind  of  ponderable  matter.  Compound  bodies  are 
those  which  contain  two  or  more  elements.  We  are  at  present 
acquainted  with  but  fifty-four  bodies  to  which  the  title  of  elementary 
can  be  accorded,  and  out  of  their  combinations  arises  all  that  variety 
of  known  substances  existing  in  the  earth.  The  list  of  simple  bodies 
is  liable  to  continual  fluctuations,  occasioned  by  the  advance  of 
chemical  science.  Many  simple  bodies  have  been  discovered  within 
the  last  thirty  years,  and  more  may  be  expected  to  be  discovered. 
On  the  other  hand,  many  supposed  elementary  substances  have, 
during  the  same  period,  been  proved  to  be  compounds;  and,  even 
now,  the  chemist  entertains  suspicions  of  the  compound  nature  of 
some  bodies,  which  have  hitherto  resisted  all  the  resources  of  che- 
mical analysis  to  decompose  them.  These  fifty-four  bodies  are  called 
the  simple  ponderables; — simple,  because  we  are  at  present  unable  to 
reduce  them  to  more  simple  forms,  ponderable,  because,  even  in  their 
most  attenuated  state,  they  possess  sensible  weight.  Hydrogen,  which 
is  perfectly  invisible,  and  the  lightest  substance  known,  may  be 
confined  in  proper  vessels,  and  the  weight  of  even  a  cubic  inch  of  it 
may  be  detected  by  delicate  balances.  If  light,  heat,  and  electricity, 
be  really  material  substances,  and  not  rather  the  effects  of  certain 
motions,  or  affections  of  matter,  they  are  wholly  destitute  of  weight, 
or,  at  least,  if  they  possess  any,  we  are  unable  to  discover  it,  by  the 
most  nicely-constructed  balances.  And  yet  they  appear  to  be  acted 
on  by  some  of  the  same  powers,  under  some  of  the  same  laws,  to 
which  matter  is  subject,  and  the  phenomena  to  which  thoy  give  rise 
may  be  explained  on  the  supposition  of  their  being  extremely  subtle 
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forms  of  matter.     On  this  supposition,  they  have  received  the  name 
of  the  imponderables. 

Matter  presents  itself  to  our  observation  under  three  forms, — 
the  9olid^  the  Jluidy  and  the  ffoseous^  or  aeriform.  Solids,  are  bodies 
whose  particles  are  prevented,  by  what  is  called  the  attraction  of 
cohesion^  from  moving  freely  among  themselves.  Fluids,  are  bodies 
whose  component  particles  are  free  to  move  upon  one  another,  with 
very  slight  friction.  Aeriform  bodies,  are  lighter  than  solids  and 
fluids,  and  their  particles  appear  to  be  wholly  destitute  of  cohesion. 
Such  bodies  are  called  elastic  fluids,  because  they  yield  readily  to 
pressure,  and  expand  when  the  pressure  is  removed.  Non-elastic 
fluids  do  not  yield  perceptibly  to  ordinary  pressure,  nor  do  they  dilate 
perceptibly  on  its  removal. 

Solids  may  be  converted  into  fluids,  and  fluids  into  gaseous  bodies, 
by  the  agency  of  heat, — as  when  ice  or  lead  is  melted,  or  mercury 
converted  into  vapour,  or  water  into  steam;  and  difierent  substances 
require  difierent  temperatures  for  the  production  of  these  changes. 
Aeriform  bodies  which  can  be  condensed  by  cold  and  pressure  into 
fluids,  are  called  tapours;  others  are  permanently  elastic,  and  by  no 
degree  of  cold  or  pressure  can  they  be  converted  into  a  less  attenuated 
form.  To  these  only,  is  the  term  gases  properly  applied.  Oxygen, 
and  hydrogen,  of  which  we  shall  speak  presently,  are  gases.  Chlo- 
rine, at  ordinary  temperatures,  is  a  vapour,  which  may  be  compressed 
into  a  fluid;  and  water,  which  at  ordinary  temperatures  is  a  fluid,  is 
converted,  by  the  addition  of  heat,  into  a  vapour. 

SIMPLE  BODIES. 

The  fifty-four,  or  fifty-five*,  elementary  bodies,  at  present  known, 
may  be  conveniently  classed  under  the  following  heads: 

Five  gases  or  tapours: — Oxygen,  hydrogen,  nitrogen,  chlorine, 
and  fluorine. 

Seren  non-metallic  solids  and  fluids: — Sulphur,  phosphorus,  sele- 
nium, iodine,  bromine,  boron,  and  carbon. 

Three  metallic  bases  of  the  alkalis: — Potassium,  sodium,  and 
lithium. 

Four  metallic  bases  of  the  alkaline  earths: — Barium,  strontium, 
calcium,  and  magnesium. 

Six  metallic  bases  of  the  earths: — Aluminum,  silicum,  yttrium, 
glucinum,  zirconium,  and  thorium. 

Ttcenty-nine,  or  thirty,  metals,  whose  combinations  with  oxygen 
produce  neither  alkalis  nor  earths : — 

*  A  metal,  called  Lantanium,  was  discovered  by  Hoiander,  in  1838. 


SIMPLE    BODIES.  49 

1  Manganese,  11  Uranium,  21  Mercniy, 

2  Iron,  12  Columbium,  22  Silver, 

3  Zinc,  13  Nickel,  23  Gold, 

4  Tin,  14  Cobalt,  24  Platinum, 

5  Cadmium,  15  Cerium,  25  Palladium, 

6  Arsenic,  16  Titanium,  26  Rhodium, 

7  Molybdenum,  17  Bismuth,  27  Osmium, 

8  Chromium,  18  Copper,  28  Iridium, 

9  Tungstenum,  19  Tellurium,  29  Vanadium. 

10  Antimony,  20  Lead, 

Of  these  metals,  the  first  five  decompose  water  at  a  red  heat. 
The  next  fifteen  do  not  decompose  water  at  any  temperature,  and 
their  oxides  are  not  reduced  to  the  metallic  state  by  the  sole  action 
of  heat.     The  oxides  of  the  rest  are  decomposed  by  a  red  heat. 

A  glance  at  the  above  list  of  elementary  bodies  is  sufficient  to 
satisfy  us  that  the  larger  proportion  of  them  are  of  a  metallic  nature* 
Metals  are  distinguished  by  the  following  characters: — ^they  are  con- 
ductors of  electricity,  and  of  caloric,  or  heat.  When  their  combi- 
nations with  oxygen,  chlorine,  sulphur,  or  other  similar  substances, 
are  decomposed  by  the  action  of  the  galvanic  battery,  the  metals 
always  appear  at  the  negative  pole,  and  hence  are  said  to  he  positive 
electrics.  They  are  opaque,  not  permitting  the  passage  of  light, 
even  when  reduced  to  thin  leaves.  They  are,  for  the  most  part,  good 
reflectors  of  light,  and  have  the  well-known  peculiar  lustre,  called 
the  metallic. 

All  the  elementary  bodies  enter  into  the  composition  of  that  great 
variety  of  minerals  and  rocks  of  which  the  crust  of  the  earth  is  com- 
posed ;  some  of  them  occurring  in  the  greatest  abundance,  others 
being  exceedingly  rare.  Those  which  are  most  abundant,  are  usually 
found  in  combination,  seldom  in  an  elementary  form.  Oxygen,  the 
most  abundant  of  all,  does  not  occur  in  nature  except  in  combination ; 
and  palladium,  one  of  the  most  rare,  is  only  met  with  in  the  metallic 
state.  Few  of  the  elementary  bodies  are  ever  found  uncombined. 
The  following  are  all  that  are  ever  so  found,  and  then  only  in  small 
quantities : — Carbon  occurs  pure,  only  in  the  diamond.  Native,  or 
pure  sulphur,  is  exhaled  from  volcanos.  Oold,  silver,  palladium, 
platinum,  mercury,  copper,  iron,  antimony,  bismuth,  and  arsenic, 
are  the  only  metals  that  have  been  found  in  the  metallic  state. 

Chemical  Combinations.  Notwithstanding  the  tendency  to 
combination  which  subsists  among  the  elementary  bodies,  the  sub- 
stances produced  by  their  combinations  are  neither  so  complex,  nor 
80  numerous,  as  might  be  supposed.  Few  minerals  contain  more 
than  five  or  six  elementary  constituents,  and  many  contain  only  two 
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or  three.  If,  indeed,  the  affinity,  or  disposition  to  combine,  were 
equally  great  between  every  two  of  the  simple  bodies,  there  might, 
of  course,  be  as  many  minerals  as  there  are  possible  combinations 
between  fifty-four  different  numbers ;  and  if  they  combined  in  all 
proportions,  the  number  of  minerals  would  be  endless;  but  the  affi- 
nities vary  in  degree,  so  that  those  substances  between  which  the 
strongest  affinities  subsist  combine,  and  thus  prevent  combinations 
between  those  possessing  more  feeble  affinities;  and  some  of  the 
elementary  bodies  have  no  affinity  for  each  other,  and  cannot,  by  any 
means,  be  made  to  combine.  Thus,  the  affinity  of  the  metallic 
bases  of  the  alkalis  for  oxygen  is  so  great,  that  it  is  with  the  utmost 
difficulty  they  can  be  separated  from  it ;  or,  when  separated,  pre- 
served long  in  that  state.  Gold  and  platinum,  on  the  other  hand, 
have  so  weak  an  affinity  for  oxygen,  that  the  ores  of  those  metals 
never  occur  as  oxides. 

There  is,  moreover,  another  important  law  of  chemical  combina- 
tion, which  exercises  a  powerful  influence  in  limiting  the  number  of 
compound  bodies, — namely,  that  in  all  bodies  which  are  not  mere 
mechanical  mixtures,  but  chemical  combinations,  the  ingredients 
of  which  they  are  composed  always  unite  in  definite  and  invariable 
proportions. 

Thus,  hydrogen,  which  is  the  lightest  of  all  bodies,  combines 
with  eight  times  its  weight  of  oxygen  to  form  water ;  and  this  is 
the  lowest  proportion  in  which  oxygen  enters  into  combination. 
Taking,  then,  hydrogen  as  unity,  the  combining  proportion  of  oxygen 
will  be  8,  and  the  combining  proportion  of  water  will  be  8  + 19  or  9. 
The  combining  proportion  of  bodies  is  sometimes  called  their  atomic 
teeiphtj  or  their  represetUatite  number^  or  equivalent.  Again,  oxygen 
and  calcium  combine  in  no  other  proportion  than,  oxygen  8  parts  * 
+  calcium  20  parts  =  28  oxide  of  calcium,  or  lime.  When  a  body 
combines  with  another  in  more  than  one  proportion,  the  proportion 
in  each  successive  compound  is  an  even  multiple  of  the  lowest  com* 
bining  proportion.  Thus  sulphur  combines  with  oxygen  in  two 
proportions: — 

1  Sulphur  16  parts  +  oxygen   8  parts  =  24  snlplmroiis  acid. 

2  Sulphur  16  parts  +  oxygen  16  parts  =  32  sulphuric  acid. 

Nitrogen  and  hydrogen  afford  another  exemplification  of  this  law 
of  chemical  combination.     They  form  five  different  compounds: — 

1  Nitrogen  14  parts  +  oxygen  8  parts  =  22  nitrous  oxide. 

2  —     14  16  =80  nitric  oxide. 

S        14  24  =38  hyponitrous  acid. 

4  -^     14  —  32  =46  nitrous  acid, 

5  — -.     14  ....  40  =64  nitric  add* 

*  Parts  always  mean  parts  by  weight 
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Binary  compounds  are  substances  composed  of  two  elementary 
bodies  united  in  definite  proportions,  which  are  well  known  and 
invariable.  The  binary  compounds  of  most  frequent  occurrence  in 
the  mineral  kingdom  are,  alkalis,  earths,  metaUio  oxides,  alloys  or 
combinations  of  metalB  in  their  metallic  state,  acids,  sulphurets  or 
combinations  of  bodies  with  sulphur,  and  carburets  or  compounds 
of  bodies  with  carbon ;  and  when  these  binary  compounds  unite, 
they  unite,  like  the  simple  bodies,  in  definite  proportions.  Lime  is 
a  binary  compound,  consisting  of  calcium  20  parts + oxygen  8  parts 
:=28  lime,  or  oxide  of  calcium.  Carbonic  acid  is  likewise  a  binary 
compound,  consisting  of  carbon  6+ oxygen  16  (two  proportions)  =3 
22  carbonic  acid,  and  these  numbers  28  and  22  are  the  proportions 
in  which  these  two  binary  compounds,  lime  and  carbonic  acid,  unite 
to  form  carbonate  of  lime ;  in  every  50  grains  of  which  there  are 
28  of  lime  and  22  of  carbonic  acid.  Now,  though  carbonate  of 
lime  is  a  compound  of  two  binary  compoundsi  it  contains  but  three 
elementary  substances,  calcium,  oxygen,  and  carbon.  It  is,  there-* 
fore,  called  a  ternary  compound.  This  is  a  very  extensive  and 
important  class  of  bodies,  comprehending  most  of  those  substances 
termed  salts. 

Chemical  Nombnclatube.  It  is  necessary  in  this  place  to  say 
something  respecting  the  modem  system  of  chemical  nomenclature; 
and  Dr.  Tumer^s  explanation  of  it  is  so  clear  and  elegant,  and  at  the 
same  time  so  concise,  that  it  would  be  unpardonable  either  to 
attempt  an  abridgment  of  it,  or  to  ofier  any  sketch  of  our  own. 
>*  Chemistry,^  he  says,  ^^is  indebted  for  its  nomenclature  to  the 
labours  of  four  celebrated  chemists,  Lavoisier,  BerthoUet,  Guyton* 
Morveau,  and  Fourcroy.  The  principles  which  guided  them  in  its 
construction  are  exceedingly  simple  and  ingenious.  The  known 
elementary  substances,  and  the  more  familiar  compound  ones,  were 
allowed  to  retain  the  appellations  which  general  custom  had  assigned 
them.  The  newly-discovered  elements  were  named  after  some 
striking  property.  Thus,  as  it  was  supposed  that  acidity  was  always 
owing  to  the  presence  of  the  ^  vital  air^  discovered  by  Priestley  and 
Scheele,  they  gave  it  the  name  of  oocygeny  derived  from  the  Greek 
words  signifying  generator  of  acid;  and  they  called  ^inflammable 
air**  hydrogen^  from  the  circumstance  of  its  entering  into  the  com* 
position  of  water. 

"  Compounds  of  which  oxygen  forms  a  part,  were  called  acids^ 
or  oxid^^  accordingly  as  they  do  or  do  not  possess  acidity.  An 
oxide  of  iron,  or  copper,  signifies  a  combination  of  those  metals 
with  oxygen    hich  has  no  acid  pr(^rties.    The  name  of  an  acid 
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was  derived  from  the  substance  acidified  by  the  oxygen,  to  which 
was  added  the  termination  ic.  Thus,  sulphuric  and  carbontc  acidi, 
signify  acid  compounds  of  sulphur  and  carbon  with  oxygen  gas.  If 
sulphur,  or  any  other  body,  should  form  two  acids,  that  which  coQ« 
tains  the  least  quantity  of  oxygen  is  made  to  terminate  in  om,  as 
sulphurous  acid.  The  termination  in  uret  was  intended  to  denote 
combinations  of  the  simple  non-metallic  substances,  either  with  one 
another,  with  a  metal,  or  with  a  metallic  oxide.  Sulphur^  and 
carbur^  of  iron,  for  example,  signify  compounds  of  sulphur  and 
carbon  with  iron.  The  different  oxides  or  sulphurets  of  the  same 
substance,  were  distinguished  from  one  another  by  some  epithet 
which  was  commonly  derived  from  the  colour  of  the  compound, 
such  as  the  black  and  red  oxides  of  iron,  the  black  and  red  sulphurets 
of  mercury.  Though  this  practice  is  still  continued  occasionally, 
it  is  now  more  customary  to  distinguish  degrees  of  oxidation  by 
derivatives  from  the  Greek.  Protoxide  signifies  the  first  degree  of 
oxidation,  deutoxide  the  second,  ^ritoxide  the  third,  and  peroxide 
the  highest.  The  sulphurets,  carburets,  &c.,  of  the  same  substances 
are  designated  in  a  similar  way.  The  combinations  of  acids  with 
alkalis,  earths,  or  metallic  oxides,  were  termed  salUy  the  names  of 
which  were  so  contrived  as  to  indicate  the  substances  contained  m 
them.  If  the  acidified  substance  contains  a  maximum  of  oxygen, 
the  name  of  the  salt  terminates  in  ate;  if  a  minimum,  the  termina- 
tion its  is  employed.  Thus  sulpha/^,  phospha^^,  and  arsenia^  of 
potash,  are  salts  of  sulphuric,  phosphoric,  and  arsen/c  acids;  while 
the  terms  sulphi^,  phosphiV^,  and  arsenic  of  potash,  denote  com* 
binations  of  that  alkali  with  the  sulphuroe/s,  phosphorous,  and 
arsenious  acids. 

'^  The  advantages  of  a  nomenclature  which  disposes  the  different 
parts  of  a  science  in  so  systematic  an  order,  and  gives  such  powerful 
assistance  to  the  memory,  is  incalculable.  The  principle  has  been 
acknowledged  in  all  countries  where  chemical  science  is  cultivated; 
and  its  minutest  details  have  been  adopted  in  Britain.  It  must  be 
admitted,  indeed,  that  in  some  respects  the  nomenclature  is  defec- 
tive. The  erroneous  idea  of  oxygen  being  the  general  acidifying 
principle,  has  exercised  an  injurious  influence  over  the  whole  struc- 
ture. It  would  have  been  convenient  also  to  have  had  a  different 
name  for  hydrogen.  But  it  is  now  too  late  to  attempt  a  change;  for 
the  confusion  attending  such  an  innovation  would  more  than  coun- 
torbalanco  its  advantages.  The  original  nomenclature,  therefore, 
has  been  preserved,  and  such  additions  have  been  made  to  it  as  the 
progress  of  the  science  rendered  necessary.  The  most  essential 
improvement  has  been  suggested  by  the  discovery  of  the  laws  of 
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chemical  combination.  The  different  salts  formed  of  the  same  con- 
stituents were  formerly  divided  into  neutral^  super^  and  fttd-salts* 
They  were  called  neutral,  if  the  acid  and  alkali  are  in  proportion  for 
neutralizing  one  another;  super-salts,  if  the  acid  prevails;  and  sulv? 
salts,  if  the  alkali  is  in  excess.  The  name  is  now  regulated  by  the 
atomic  constitution  of  the  salt.  If  it  be  a  compound  of  one  equiva- 
lent of  the^acid  to  one  equivalent  of  the  alkali,  the  generic  name  of 
the  salt  is  employed  without  any  other  addition;  but  if  two  or  more 
equivalents  of  the  acid  be  attached  to  one  of  the  base,  or  two  or 
more  equivalents  of  the  base  to  one  of  the  acid,  a  numeral  is  prefixed 
so  as  to  indicate  its  composition.  The  two  salts  of  sulphuric  acid 
and  potash  are  called  sulphate  and  6t-sulphate;  the  first  containing 
one  equivalent  of  the  acid  to  one  equivalent  of  the  alkali,  and  the 
(second  salt  two  of  the  former  to  one  of  the  latter.  The  three  salts 
of  oxalic  acid  and  potash  are  termed  the  oxalate,  itn-oxalate,  and 
^tia^ro-oxalate  of  potash;  because  one  equivalent  of  the  alkali  i^ 
united  with  one  equivalent  of  acid  in  the  first,  with  two  in  the 
second,  and  with  four  in  the  third  salt.  As  the  numerals  which 
denote  the  equivalents  of  the  acid  in  a  super-salt  are  derived  from 
the  Latin  language,  Dr.  Thomson  proposes  to  employ  the  Greek 
numerals  dis^  tris^  tetrakis^  to  signify  the  equivalents  of  alkali  in  a 
sub-salt.  This  method  is  in  the  true  spirit  of  the  original  framers 
of  our  nomenclature.  Chemists  have  already  begun  to  apply  the 
same  principle  to  other  compounds  besides  salts;  and  there  can  be 
no  doubt  that  it  will  be  applied  universally,  whenever  our  knowledge 
shall  be  in  a  state  to  admit  of  its  introduction*.^ 

The  above  account  of  the  present  system  of  chemical  nomencla* 
ture  explains  the  nature  of  the  substances  enumerated  in  our  list  of 
binary  compounds,  under  the  names  of  acids,  oxides,  sulphurets,  and 
carburets.  It  will,  however,  be  as  well  to  describe  the  characteristic 
properties  which  distinguish  acids  and  alkalis.  Alkalis  have  a 
peculiar  pungent  taste;  they  neutralize  acids;  they  change  some 
vegetable  blues  to  green;  they  change  to  a  reddish  brown  the  yellow 
colour  of  paper  stained  with  turmeric;  and  they  restore  the  blue 
colour  of  litmus  paper  reddened  by  the  action  of  acids. 

Acids  are  compounds  capable  of  uniting  in  definite  proportions 
with  alkaline  and  earthy  bases,  and,  when  in  a  state  of  solution, 
they  either  have  a  sour  taste,  or  redden  litmus  paper.  Most  acidd 
contain  oxygen  as  one  of  their  elements,  which  was  therefore  sup- 
posed, at  one  time,  to  be  the  acidifying  principle;  but  acids  exist 
which  have  no  trace  of  oxygen,  and  there  are  bodies  (water,  for 
instance,)  which  contain  a  large  proportion  of  oxygen  without  posr 

*  Tueker's  Elements  qfChemitir^y  p.  125. 
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Bemng  acid  properties.    Those  acids  in  which  hydrogen  is  one  of 
the  elements,  are  called  hydraoids. 

In  analyiing  a  mineral,  it  is  sufficient  if  we  ascertain  the  nature 
and  proportions  of  the  binary  componnds  of  which  it  consists;  and 
the  resiUts  of  an  ultimate  analysis  may  then  be  deduced  from  calcn- 
lation.  Thus  having  ascertained  that  fiO  parts  of  carbonate  of  lime 
contain  28  parts  of  lime  and  22  of  carbonic  acid,  and  knowing  that 
carbonic  acid  coniists  of  carbon  6  +  oxygen  16  parts,  we  find  that  in 
60  parte  of  carbonate  of  lime,  reduced  to  its  simplest  constituents^ 
there  are  20  parts  of  calcium,  6  of  oarbon,  and  21  of  oxygen. 


When  wo  speak  of  simple  minerals,  we  use  the  term  simple  in  ■ 
different  sense  from  that  in  which  it  is  nsed  by  the  chemist.  He 
applies  it  only  to  those  bodies  which  resist  all  the  powers  of  oho- 
mical  analysis  to  decompose  them.  The  mineralogist,  on  the  other 
hand,  sees,  aggregated  in  rocks,  certain  minerals  distinguished  from 
each  other  by  peculiar  characters.  He  can  separate  them  firom 
one  another  by  mechanical  means,  and  in  tliis  separate  state  he  * 
makes  them  his  study,  and  calls  them  dmple,  because  he  cannot 
reduce  them  to  a  more  simple  state,  except  by  means  of  ohemical 
analysis. 

Marble,  or  carbonate  of  lime,  is,  in  this  view,  a  simple  mineral, 
because,  although  we  reduce  it  to  the  finest  possible  powder,  we 
have  still  nothing  but  fine  particles  of  carbonate  of  lime,  each  oon- 
sisting  of  lime  snd  carbonic  acid,  and  it  is  only  by  subjecting  it  to 
the  action  of  heat  or  acids  that  we  can  obtain  these  elements  in  a 
separate  form.  If  we  expose  carbonate  of  lime  for  a  considemble 
time  to  a  red  heat,  we  drive  olf  the  carbonic  acid,  and  oxide  of 
calcium  remains;  the  loss  of  weight  indicating  the  quantity  of  car- 
bonic acid  expelled.  Or,  if,  into  a  small  flask  containing  diluted 
muriatic  acid,  the  weight  of  the  flask  and  acid  being  ascertained,  a 
known  quantity  of  carbonate  of  lime,  reduced  to  small  fragments,  ha 
gradually  introduced  (care  being  taken  to  prevent  any  of  the  liquid 
from  being  thrown  out  by  effervescence),  the  diminution  of  weight 
experienced  by  the  flask  and  its  contents  will  indicate  the  quanti^ 
of  carbonic  acid  which  the  carbonate  of  lime  contained;  the  lime 
now  remaining  in  solution  as  muriate  of  lime,  from  which  it  may  bs 
separated  by  the  proper  re-agents. 

Granite  is  a  compound  rock,  consisting  of  threo  minerals.  Bj  I 
slightly  pounding  a  piece  of  this  rock  iu  an  iron  mortar  we  maj  i 
separate  these,  and  may  proceed  to  examine  those  characters  wluoU^J 
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distinguish  them  from  each  other,  and  from  other  minerals.  We 
may  determine  their  specific  gravity,  or  the  weight  of  each  com-< 
pared  with  an  equal  bulk  of  water.  We  may  ascertain  the  shape 
of  their  crystals,  if  they  occur  regularly  crystallized;  or  if  only 
confusedly  crystallized,  the  shape  of  the 'primitive  form  of  their 
crystals,— that  is,  the  shape  into  which  they  may  be  reduced  by 
dividing  them  in  directions  parallel  to  the  planes  of  natural  cleavage. 
We  may  examine  their  hardness  indicated,  by  their  yielding,  or  not 
yielding,  to  the  nail,  the  knife^  or  the  file;  by  their  scratching  glass, 
or  giving  sparks  with  steel.  We  may  try  whether  they  are  brittle, 
tough,  flexible,  or  elastic.  We  may  examine  their  colours,  and 
other  relations  to  light,  as  opacity,  transparency,  translucency,  and 
refraction.  We  may  ascertain  their  lustre,  and  the  aspect  of  a 
fresh  fracture;  also,  whether  they  feel  unctuous  to  the  touch; 
whether  they  have  any  taste  or  smell,  or  adhere  to  the  tongue; 
whether  they  are  affected  by  the  magnet,  or,  when  excited  by  heat 
or  friction,  whether  they  exhibit  electric  properties,  or  appearances 
of  phosphorescence.  We  are  thus  furnished  with  a  list  of  external 
characters  by  which  we  may  discriminate  minerals.  We  may  thus 
distinguish  the  constituents  of  granite  from  one  another,  and  from 
other  minerals;  we  may  distinguish  mica  from  talc,  and  from  a 
plate  of  selenite,  to  which  it  has  some  general  resemblance;  and  we 
may  distinguish  quartz  from  felspar,  from  calcareous  spar,  from  car- 
bonate of  manganese,  from  fluor  spar^  and  from  sulphate  of  barytes, 
with  all  of  which  it  is  liable  to  be  confounded  by  persons  not  con- 
versant with  mineralogy. 

Having  ascertained  that  granite  is  a  compound  of  three  minerals, 
quartz,  felspar,  and  mica,  we  have  recourse  to  chemical  analysis,  as 
in  the  case  of  carbonate  of  lime,  in  order  to  determine  the  elemen- 
tary substances  of  which  each  of  those  minerals  is  composed.  Our 
mode  of  proceeding,  however,  must  be  somewhat  different,  since 
each  of  these  minerals  contains  several  elementary  substances,  and 
since  they  are  not  soluble  in  acids.  In  order,  therefore,  to  bring 
them  into  a  state  of  solution,  we  take  a  given  quantity,  50  or  100 
grains  for  instance,  of  one  of  them,  previously  reduced  to  very  fine 
powder,  and  fuse  it  in  a  platinum  crucible,  with  three  or  four 
times  its  weight  of  alkali,  which,  uniting  with  one  or  more  of  the 
constituents  of  the  mineral,  effects  its  decomposition.  The  fused 
mass  is  now  soluble  in  water,  or  diluted  muriatic  acid,  and,  by  the 
application  ci  different  re-agents,  its  constituents  are  successively 
|ii  niii[iilail|^MM||ynd  from  the  solution  by  filtration,  carefully  dried 
and  ^ff^l^V^V^^  separate  quantities  being  added  together, 
■'  •-^^^•^     ^^  the  weight  submitted  to  analysis,  a  trifling 
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allowance  being  made  for  unavoidable  waste;  and  thus  the  oompo* 
sition  of  quartz,  felspar,  and  mica,  is  found  to  be: — 

Quartz, — Almost  ivholly  silica,  combined  with  2  or  3  per  cent,  of  water. 


FeUpar: — Silica 63*74 

Alumina   ....  17*14 

Lime 3-00 

Potash       ....  13^06 

LoflB  and  water  •    •  3*00 


100-00 


ilfica>-Silica 53*75 

Alumina      •    •     •    •     24*02 
Potash 21*35 


99*72 
LoflB    •••...         •28 

100-00 


Thus,  the  province  of  the  chemist  with  respect  to  minerals  is  to 
resolve  them  into  their  elements,  and  to  investigate  the  properties  of 
these,  and  the  laws  of  their  combination.  The  mineralogist  makes 
the  minerals  themselves  the  objects  of  his  study,  investigating  their 
characters,  and  the  properties  by  which  they  are  distinguished,  and 
he  thus  learns  to  discriminate  them  when  aggregated  in  rocks.  It 
is  in  this,  their  aggregated  state,  as  masses,  and  in  their  relations  to 
other  similar  masses,  that  they  become  subjects  of  investigation  to 
the  geologist,  who  observes  whether  they  occur  stratified,  unstra- 
tified,  or  in  veins:  and  he  endeavours  to  discover  the  agencies 
employed  in  their  formation,  and  the  epochs  at  which  they  were 
formed;  only  studying  the  minerals  of  which  they  are  composed,  and 
the  elements  of  those  minerals,  so  far  as  they  may  tend  to  throw 
light  on  those  inquiries.  In  granite,  for  instance,  he  sees  a  crystal- 
line, unstratified  rock,  composed  of  quartz,  felspar,  and  mica,  form- 
ing the  foundation  on  which  the  stratified  rocks  rest,  and  also  rising 
through  them,  and  forming  the  summits  of  lofty  mountains.  He 
observes  that  it  has  frequently  sent  oif  veins  into  the  superincumbent 
rocks,  and  seeing  the  nature  of  the  changes  produced  in  these  at  the 
point  of  contact  with  the  granite,  and  their  disturbed  and  inclined 
position  in  the  neighbourhood  of  it,  he  is  led,  in  speculating  on  the 
mode  in  which  that  rock  was  formed,  to  infer  that  it  was  once  in  a 
state  of  fusion,  and  that  it  wa9  the  agent  employed  in  the  upheave- 
ment  of  chains  of  mountains,  and  in  placing  in  their  inclinqd  and 
elevated  position  beds  of  rock  containing  marine  remains,  which 
must  have  been  formed  at  the  bottom  of  the  ocean,  and  in  a  hori- 
zontal position.  Having  observed,  moreover,  that  rocks  which,  in 
different  localities,  have  suffered  disturbance  in  the  vicinity  of 
granite,  belong  to  different  geological  epochs,  evinced  by  their 
different  groups  of  organic  remains,  he  concludes  that  all  the  granite 
in  the  world  was  not  formed  at  one  and  the  same  time,  but  that 
there  have  been  ejections  of  it  at  various  periods. 

Such}  then,  are  the  different  trains  of  investigation  to  which  the 
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same  substances  give  rise  in  the  hands  of  the  chemist,  the  mineralo* 
gist,  and  the  geologist.  Let  us  now  enter  into  the  consideration  of 
some  of  the  elementary  substances,  which  are  of  the  most  importance 
as  ingredients  of  the  crust  of  the  earth. 

THE  GASES. 

Oxygen.  At  the  head  of  this  list  stands  oxygen,  which  com- 
bines with  so  many  substances,  and  enters  so  largely  into  the 
composition  of  many  minerals,  and  those  the  most  common  ingre- 
dients of  rocks,  that  it  may  be  said  to  form  half  of  the  pondera- 
ble matter  of  which  the  exterior  parts  of  the  globe  consist.  It 
constitutes  8  parts  out  of  16  of  silica,  8  parts  out  of  18  of  alumina, 
8  parts  out  of  28  of  lime,  8  parts  out  of  20  of  magnesia,  8  parts  out 
of  48  of  potash,  and  8  parts  out  of  32  of  soda.  It  is  an  essential 
element  of  many  acids.  United  with  carbon,  in  the  proportion  of 
]  6  to  6,  it  forms  carbonic  acid,  which  constitutes  nearly  half  of 
carbonate  of  lime,  which  has  been  estimated  as  one-eighth  of  the 
crust  of  the  globe.  Oxygen  forms  8  parts  out  of  9  of  water,  and 
enters  extensively  into  the  composition  of  many  of  the  ores  of  man- 
ganese, tin,  lead,  iron,  and  copper;  but  it  is  never  met  with  except 
in  combination  with  some  other  substance. 

A  large  portion  of  the  atmosphere  consists  of  oxygen,  deprived  of 
which,  it  loses  its  power  of  supporting  animal  life.  Oxygen  is  not 
inflammable,  but  a  supporter  of  combustion.  Every  substance  that 
will  burn  in  atmospheric  air,  bums  with  far  greater  brilliancy  in  oxy- 
gen gas.  Even  iron  and  steel  undergo  rapid  combustion  in  it.  Com- 
bustion  is  a  combination  of  oxygen  with  the  burning  body,  and  the 
products  of  combustion  in  oxygen  gas,  or  atmospheric  air,  are  oxides. 

Oxygen,  in  its  elementary  state,  is  an  invisible,  permanently- 
elastic  gas,  without  taste  or  smell,  a  feeble  refractor  of  light,  and  a 
non-conductor  of  electricity.  When  the  compounds  of  oxygen  are 
submitted  to  the  action  of  a  galvanic  battery,  the  oxygen  is  always 
determined  to  the  positive  pole,  and  is  therefore  said  to  be  nega- 
tively electric.  Its  combining  proportion  has  already  been  stated 
to  be  8. 

Hydrogen.  Hydrogen  is  the  lightest  of  all  known  material 
substances,  and  is  taken  as  the  standard  of  comparison  for  the  spe- 
cific gravity  of  the  gases,  as  water  is  for  that  of  solids  and  liquids. 
It  is  by  no  means  an  important  element  in  the  composition  of  rocks. 
It  is,  like  oxygen,  an  invisible  and  permanently-elastic  gas.  It  is 
highly  inflammable;  combined  with  sulphur  it  forms  sulphuretted 
hydrogen,  which,  as  well  as  hydrogen  itself,  is  emitted  from  the  earth 
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in  rolcatiie  regions.  Sulpharetted  hydrogen,  when  abwrbed  by 
water,  oommonicjites  to  it  the  peenliar  properties  of  the  Hmrrowgate 
and  other  sulphoreouB  springs.  That  species  of  limestone  called 
swinestone,  is  snpposed  to  derive  its  fetid  odour  when  mbbed^  from 
tlie  presence  of  sulphuretted  hydrogen.  Combined  with  carbon, 
hydrogen  forms  carburetted  hydrogen,  which  issues  in  large  quan- 
tities from  between  beds  of  cosJ,  and  produces  those  fatal  explosions 
known  to  miners  by  the  name  of  fire-damp.  Hydrogen  constitutes  1 
part  in  9  of  water.  Water  is  contained  in  most  minerals  as  an 
accidental  ingredient,  either  enclosed  in  cavities,  as  in  rock  crystal, 
calcedony,  and  flint,  or  absorbed  by  most  earthy  and  porous  minerals; 
but  it  is  also  chemically  combined  with  many  minerals,  both  crys- 
talline  and  massive,  as  an  essential  ingredient.  These  combinations 
with  water  are  called  hydrates;  and  when  water  forms  an  essential 
ingredient  of  a  crystallized  mineral,  it  is  called  its  water  of  crystalli- 
zation. Hydrogen  is  a  positive  electric  with  respect  to  oxygen, 
chlorine,  and  that  class  of  bodies,  but  negative  wiUi  respect  to  tho 
motals.  It  is  a  powerful  refractor  of  light.  It  soon  causes  death  to 
an  animal  that  breathes  it.     Its  combining  proportion  is  1. 

Nitrogen.  Nitrogen  is  likewise  a  permanently-elastic,  invisible 
gas,  without  taste  or  smell.  It  is  not  combustible,  but  extinguishes 
burning  bodies  that  arc  plunged  in  it.  It  is  incapable,  when  respired, 
of  supporting  animal  life;  and  yet,  diluted  with  oxygen,  in  the  pro- 
portion of  8  parts  of  oxygen  to  28  of  nitrogen,  it  forms  atmospheric 
air,  so  essential  to  life.  Air  is  not  a  chemical  combination  of  these 
gases,  but  a  mechanical  mixture  of  them.  A  chemical  combination 
of  oxygen  and  nitrogen,  in  proportions  which  we  have  before  stated, 
constitutes  nitric  acid,  one  of  the  most  violent  and  poisonous  of  that 
class  of  bodies.  Nitrogen  combined  with  hydrogen  forms  ammonia, 
a  volatile  substance,  which  possesses  all  the  properties  of  an  alkali. 
The  sulphate  and  muriate  of  ammonia  are  exhaled  from  volcanos. 
Nitrogen,  in  the  state  of  nitric  acid,  enters  into  the  composition  of 
nitrate  of  potash,  which  is  an  abundant  production  of  the  earth  in 
various  parts  of  France,  Germany,  Italy,  Spain,  Hungary,  Persia, 
India,  and  America.     Its  combining  proportion  is  14. 

Chlorine.  Chlorine  is  a  yellowish-green  vapour,  of  an  astringent 
taste,  and  disagreeable  odour.  It  is  perfectly  irrespirable,*  exciting 
spasms  and  irritation  of  the  throat,  even  when  much  diluted  with 
atmospheric  air.  It  may  be  condensed  by  cold  and  pressure  into  a 
yellow  liquid.  It  has  a  violent  action  on  some  of  the  metals,  which, 
when  introduced,  in  the  state  of  powder,  or  in  fine  leaves,  into 
chlorine,  are  inflamed  and  enter  into  combination  with  it..    It  is 
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known  m  the  mineral  kingdom  as  one  of  the  constituents  of  chloride 
of  sodium,  or  rook-salt.  We  have  likewise  ores  of  lead,  mercury, 
and  silver,  which  are  chlorides  of  those  metals;  but  it  never  occurs 
uncombined.  With  hydrogen  it  forms  muriatic  acid,  which  is  one 
of  the  components  of  the  salts  called  muriates.  Muriate  of  soda, 
which  by  evaporation  is  converted  into  chloride  of  sodium,  is  the 
principal  ingredient  in  sea-water,  which  likewise  contains  muriate 
of  magnesia.  These  two  salts  are  also  found  in  many  saline  springs. 
Muriate  of  ammonia  has  already  been  spoken  of  as  a  volcanic 
product.  Chlorine  is  a  negative  electric.  Its  name  is  derived  from 
its  greenish  colour  (%\o>/)o^).    Its  combining  proportion  is  S6. 

Fluorine.  The  substance  to  which  this  name  has  been  given  has 
never  been  obtained  in  an  insulated  form,  and  there  is  a  difference  of 
opinion  among  chemists,  whether  Derbyshire  spar  should  be  consi- 
dered as  a  compound  of  calcium  and  fluorine,  or  of  oxide  of  calcium 
and  an  acid  of  which  fluorine  is  one  of  the  elements.  To  this  acid 
the  name  of  fluoric  was  given,  and  it  was  supposed  to  consist  of 
fluorine  and  oxygen,  but  the  experiment  of  Sir  Humphrey  Davy, 
since  repeated  by  other  chemists,  affords  strong  presumption  that 
fluor  spar  is  a  direct  combination  of  fluorine  and  calcium,  and  that 
the  acid  produced  when  these  two  elements  are  separated  by  means 
of  aqueous  sulphuric  acid,  consists  of  fluorine  united  to  hydrogen, 
derived  from  tiie  water  of  the  sulphuric  acid.  It  has  therefore 
received  the  name  of  hydrofluoric  acid.  It  possesses  the  property  of 
dissolving  silica,  and  consequently  of  corroding  glass.  Fluor  spar 
is  an  abundant  mineral  production.  The  hydrofluoric  acid  is  also 
found  in  the  cryolite,  and  a  few  other  rare  minerals.  Fluorine  is  a 
negative  electric.    Its  combining  proportion  is  18. 


CHAPTER  V. 

SIMPLE  BODIES.— CoxTiKUED. 


Non-metallic  solids  and  fluids — sulphur — phosphorus — iodine — 6ro- 
mine — selenium — boron — carbon. — The  alkaline  metals — potas- 
sium— sodium — lithium. — Metallic  bases  of  the  alkaline  earths-^ 
barium — strontium — calcium — magnesium. — Bases  of  the  non- 
alkaline  earths — aluminum — silicum — yttrium — glucinum — 
zirconium — and  thorinum. 

Sulphur.    Sulphur  is  a  brittle  solid,  of  the  specific  gravity  1*99, 
or  about  twice  the  weight  of  water.      It  is  of  a  yellow  colour. 
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emitting,  when  rubbed,  a  peculiar  and  well-known  odour,  but  has 
little  taste.  It  is  highly  combustible,  burning  with  a  blue  flame, 
and  suffocating  vapour.  It  is  found  in  many  parts  of  the  earth,  both 
massive  and  crystallized,  particularly  in  the  neighbourhood  of  vol- 
canos.  The  largest  supplies  of  it  are  obtained  from  the  Solfaterra, 
near  Naples,  which  is  the  crater  of  an  extinct  volcano.  It  is  found, 
however,  much  more  abundantly  in  combination  with  the  metals 
iron,  copper,  lead,  silver,  and  antimony. 

The  sulphurets  are  the  commonest  ores  of  most  of  the  metals. 
Sulphur  is  procured  artificially  in  large  quantities  by  exposing  sul- 
phuret  of  irom  to  a  red-heat,  and  collecting  the  sulphur  which 
sublimes.  Combined  with  oxygen  it  forms  sulphuric  acid,  which, 
united  with  alkalis,  earths,  and  metallic  oxides,  gives  rise  to  a  class 
of  salts  called  sulphates,  which  are  abundant  mineral  products. 
Sulphate  of  barytas,  or  heavy  spar,  and  sulphate  of  lime,  or  gypsum, 
are  common.  Sulphate  of  strontian  is  less  so.  The  sulphates  of 
magnesia  and  soda  are  frequently  contained  in  mineral  springs. 
Sulphate  of  iron,  or  green  vitriol,  sulphate  of  copper,  or  blue  vitriol, 
and  sulphate  of  zinc,  or  white  vitriol  of  commerce,  are  occasionally 
found  crystallized  accompanying  the  sulphurets  of  those  metals,  but 
are  much  more  common  in  the  water  issuing  from  mines  where  the 
sulphurets  are  raised  in  large  quantities.  A  decomposition  of  the 
sulphurets  is  caused  by  atmospheric  agency.  Oxygen  combines 
with  the  metal  to  form  an  oxide,  and  with  the  sulphur  to  form 
sulphuric  acid;  and  the  acid  and  the  oxides  unite,  and  produce 
sulphates. 

If  a  bar  of  iron  be  immersed  in  a  solution  of  sulphate  of  copper, 
it  will  soon  be  coated  with  a  film  of  metallic  copper.  The  acid, 
having  a  greater  affinity  for  the  iron  than  for  the  copper,  unites  with 
the  former,  and  the  latter  is  precipitated.  Much  copper  is  by  this 
process  obtained  at  the  Parys  mine  in  Anglesey,  and  some  other 
mines,  where  the  decomposition  of  large  quantities  of  ore  too  poor 
for  smelting,  causes  the  water  issuing  from  the  mines  to  be  charged 
with  sulphate  of  copper,  the  metal  of  which  is  precipitated  by  the 
water  being  made  to  pass  through  large  tanks  filled  with  old  iron. 
Sulphur  is  a  non-conductor  of  electricity,  and  a  negative  electric. 
Its  combining  proportion  is  1 6. 

Phosphorus.  Phosphorus  is  a  soft  tenacious  solid,  nearly  colour- 
less when  pure.  It  is  highly  inflammable,  burning  with  a  pale* 
yellow  flame,  and  undergoing  slow  combustion  at  the  ordinary 
temperature  of  the  atmosphere.  The  product  of  its  combustion  is 
phosphoric  acid.     Phosphoric  acid  enters  into  the  composition  of 
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several  minerals,  namely,  the  phosphates  of  lime,  lead,  copper,  man- 
ganese, and  iron.  Phosphorus  is  a  negative  electric.  Some  uncer^ 
tainty  prevails  respecting  its  combining  proportion.  It  is  considered 
to  be  18. 

Iodine,  bromine,  and  selenium,  are  of  little  importance  in  the 
mineral  kingdom,  however  interesting  on  account  of  their  chemical 
properties.  Iodine,  which  is  derived  from  the  ashes  of  sea-weeds, 
is  found  in  the  waters  of  some  mineral  springs  combined  with  soda 
and  magnesia,  and  iodides  of  zinc,  mercury,  and  silver,  are  said  to 
have  been  discovered  in  some  of  the  Mexican  mines*.  At  ordinary 
temperatures,  it  is  a  soft  friable  substance,  opaque,  of  a  bluish 
colour,  and  a  metallic  lustre.  It  is  a  negative  electric,  and  a  non- 
conductor of  electricity.  It  sublimes  rapidly  at  a  low  heat,  with 
a  vapour  of  a  very  rich  violet-colour,  whence  its  name  f.  Its 
combining  proportion  is  124. 

Bromine.  This  substance  was  discovered  by  M.  Balard  of  Mont- 
pellier,  in  1826.  In  its  chemical  relations,  its  bears  a  close  analogy 
to  chlorine  and  iodine,  being  always  associated  with  the  former,  and 
sometimes  with  the  latter. 

It  exists  in  sea-water,  and  in  some  mineral  springs  in  Ger- 
many, and  has  been  found  in  the  ashes  of  sea- weeds,  and  of  several 
plants  that  grow  on  the  shores  of  the  Mediterranean. 

Bromine,  at  ordinary  temperatures,  is  a  liquid  of  a  blackish-red 
colour  when  viewed  in  mass,  but  of  a  hyacinth-red  by  transmitted 
light.  Its  action  on  some  of  the  metals  is  similar  to  that  of 
chlorine.  It  is  a  non-conductor  of  electricity,  and  a  negative 
electric.     Its  combining  proportion  has  not  been  ascertained. 

Selenium.  Selenium,  at  common  temperatures,  is  a  brittle, 
solid,  opaque  body,  without  taste  or  odour,  of  a  metallic  lustre, 
having  the  aspect  of  lead  in  mass,  of  a  deep-red  colour  when 
reduced  to  powder.  Its  specific  gravity  is  between  4'3  and  4'32. 
The  Swedish  chemist  Berzelius,  by  whom  it  was  discovered,  sup- 
posed it  to  have  been  a  metal;  but  being  a  non-conductor  of  electri- 
city, it  is  more  properly  classed  with  the  non-metallic  bodies.  It 
may  be  detected  by  the  peculiar  powerful  odour,  like  that  of  decayed 
horse-radish,  which  it  emits  when  heated.  It  was  found  mixed 
with  the  sulphur  sublimed  from  the  iron  pyrites  of  Fahlun,  in 
Sweden.  It  is  a  negative  electric,  and  a  non-conductor  of  electricity. 
Its  combining  proportion  is  40. 

*  BsuOAKT,  Traiti  de  Mineraloffie,  torn,  ii.,  p.  615. 
•f  *la^fy — ^Yiolet-coloured. 
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Boron.  Boron  is  a  dark  olive>coIoured  substance,  without  either 
taste  or  smell,  about  twice  the  weight  of  water,  infusible  and  not 
volatile,  and  insoluble  in  water.  On  being  heated,  it  suddenly  takes 
fire,  oxygen  disappears,  and  boracic  acid  is  formed.  It  was  first 
obtained  by  Sir  Humphry  Davy,  by  exposing  boracic  acid  to  the 
action  of  a  galvanic  battery.  Boracic  acid,  which  is  therefore  a 
compound  of  boron  and  oxygen,  occurs  as  a  natural  product  in  the 
hot  springs  of  Lipari,  and  of  Sasso^  near  Florence.  It  is  also  a 
constituent  of  two  very  rare  minerals,  boracite,  or  borate  of  mag- 
nesia, and  datholite,  or  borate  of  lime.  Boracic  acid  combined  with 
soda,  is  collected  in  considerable  quantities  on  the  shores  of  some 
lakes  in  Thibet  and  Persia,  whence  it  is  imported  into  Europe, 
through  India,  under  the  name  of  tincal,  which,  after  being  refined, 
is  the  borax  of  commerce.  Its  chief  use  is  as  a  flux  for  some  of  the 
metals,  for  which  purpose  it  is  of  great  importance  in  the  analysis  of 
minerals  by  the  blow-pipe.  Boron  is  a  non-conductor  of  electricity, 
and  a  negative  electric.     Its  combining  proportion  is  8. 

Carbon.  Carbon  is  the  peculiar  inflammable  principle  of  char» 
coal,  which  is  the  product  of  wood  heated  to  redness  in  olose  vessels, 
or  under  such  circumstances  as  to  exclude  the  air :  and  the  diamond 
is  carbon  in  absolute  purity. 

Newton  was  led  to  suspect  the  diamond  to  be  combustible,  from 
its  groat  powers  of  refraction,  and  modern  chemists  have  confirmed 
the  conjecture  by  effecting  its  combustion.  Its  product,  when 
burned  in  oxygen  gas,  is  carbonic  acid ;  and  when  burned  in  contact 
with  iron,  it  converts  it  into  steel,  producing  the  same  efl*ects  as  are 
produced  by  charcoal  under  similar  circumstances. 

Carbon  enters  into  the  composition  of  coal,  bitumen,  and  amber, 
and  of  the  inflammable  liquids,  naphtha  and  petroleum.  Black  lead, 
or  plumbago,  is  a  native  carburet  of  iron.  But  the  most  important 
ofiice  performed  by  carbon  in  the  mineral  kingdom  is  as  the  base  of 
carbonic  acid,  which  is  generated  when  carbon  is  burned  in  oxygen 
gas,  and  constitutes,  as  we  have  before  observed,  22  parts  out  of  50 
of  that  abundant  rock,  carbonate  of  lime. 

Carbonic  acid  is  absorbed  by  water,  of  which  it  is  deprived  by 
being  boiled.  Hence  the  agreeable  and  refreshing  flavour  of  spring- 
water,  and  the  insipidity  of  water  that  has  undergone  the  process  of 
boiling.  Water  saturated  with  carbonic  acid  sparkles  when  poured 
from  one  vessel  into  another,  such  are  the  waters  of  the  mineral 
springs  of  Tunbridge,  Pyrmont,  Carlsbad,  and  many  others. 

Carbonate  of  lime  is  very  sparingly  soluble  in  water,  but  dis- 
solves in  an  excess  of  carbonic  acid ;  hence  water,  charged  with  that 
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acid,  percolating  through  limestone,  dissolves  a  portion  of  the  rock, 
w^hich  it  again  deposits  by  the  dissipation  of  the  acid.     This  is  the 
origin  of  those  pendent  masses,  like  large  icicles,  called  stalactites, 
which  are  so  abundant  in  caverns  in  limestone,  and  also  of  calcareous 
tufa,  deposited  by  springs.    Among  the  most  remarkable  calcareous 
springs,  are  those  of  San  Filippo,  in  Tuscany,  at  which  a  curious 
manufactory  of  medallions  in  basso-relievo  is  established.     The 
water  of  these  springs  is  hot,  and  holds  in  solution  a  large  quantity 
of  carbonate  of  lime.    After  being  made  to  pass  through  a  series  of 
pits,  in  which  its  coarser  matter  is  deposited,  it  is  conducted  to  the 
summit  of  a  chamber  in  which  numerous  cross  sticks  are  placed,  to 
break  the  fall  of  the  water,  and  disperse  the  spray  as  much  as 
possible.     This  falls  on  moulds  placed  to  receive  it,  and  a  deposit  of 
solid  carbonate  of  lime  is  formed  upon  them,  and  thus  most  beauti- 
ful casts  are  obtained.    Some  idea  may  be  formed  of  the  immense 
(quantity  of  calcareous  matter  which  these  springs  contain,  from  two 
circumstances  mentioned  by  Mr.  Lyell  respecting  them ;  namely, 
that  they  deposit  a  stratum  of  hard  stone  a  foot  thick  in  four 
months,  and  that  on  the  side  of  the  hill  is  a  mass  of  travertin,  as 
this  stone  is  called,  a  mile  and  a  quarter  long,  a  third  of  a  mile 
broad,  and  at  least  250  feet  thick.    The  petrifying  properties  of 
many  springs  in  England  are  similar  to  those  of  the  waters  of  the 
baths  of  San  Filippo,  though  exhibited  on  a  much  smaller  scale,— 
the  substances  said  to  be  petrified  by  immersion  being  covered  by  an 
incrustation  of  carbonate  of  lime.     A  similar  deposit  takes  place  in 
boilers  and  tea-kettles,  from  the  dissipation  of  the  carbonic  acid  by 
the  boiling  of  the  water  causing  a  precipitate  of  calcareous  matter. 
The  springs  of  limestone  countries  are  frequently  rendered  unwhole- 
some by  the  quantity  of  carbonate  of  lime  which  their  waters  hold 
in  solution.     But  it  is  not  of  limestone  only,  that  carbonic  acid  is 
a  solvent.     It  has  a  decomposing  effect  upon  many  other  rocks,  par- 
ticularly   those  which  contain  felspar,  and   it    renders   oxide    of 
iron  soluble  in  water.     It  exudes  from  the  earth,  and  collects  in 
pits,  caverns,  and  old  wells.     It  is,  when  respired,  destructive  to 
animal  life ;  and,  as  it  is  incapable  of  supporting  combustion,  its 
presence,  in  too  great  quantities  to  be  breathed  without  fatal  effects, 
may  be  detected  by  the  introduction  of  a  lighted  candle  into  tlio 
suspected  place,  which  ought  not  to  be  entered  if  that  is  extin- 
guished.     Exhalations  of  carbonic  acid  gas  are  most  abundant  in 
volcanic  countries.     The  Grotto  del  Cane,  near  Naples,  celebrated 
for  the  cruel  exhibition  of  its  effects  on  dog.^,  for  the  gratification  of 
the  curiosity  of  idle  tourists,  owes  its  destructive  qualities  to  the 
evolution  of  carbonic  acid  gas. 
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Carbon  is  a  negative  electric,  and  a  conductor  of  electricity.  Ita 
combining  proportion  is  6. 

THE  ALKALINE  METALS. 

We  come  now  to  the  alkaline  metals,  potassium,  sodium,  and 
lithium.  Until  the  year  1807,  the  two  fixed  alkalis,  potash  and 
soda,  (for  lithia  had  not  then  been  discovered,)  had  baffled  all 
attempts  of  chemists  to  decompose  them.  The  discovery  of  their 
elements  was  a  triumph  reserved  for  Davy,  who,  wielding  the 
potent  energies  of  the  voltaic  pile,  evoked,  as  with  the  wand  of  an 
enchanter,  a  new  class  of  metals  out  of  substances  the  metallic 
nature  of  which  had  not  till  then  been  suspected.  But  if  we  liken 
the  galvanic  battery  to  the  wand  of  a  magician,  the  metals  evoked 
by  it  may  be  compared  to  spirits  obeying  with  reluctance  the  sum- 
mons that  called  them  to  the  light  of  day,  and  vanishing  almost  as 
soon  as  they  appear ;  or,  to  drop  the  language  of  metaphor,  their 
affinity  for  oxygen  is  so  great,  that  they  return  to  the  state  of  an 
oxide  in  a  few  minutes,  and  they  are  with  difficulty  preserved  in  the 
metallic  state  long  enough  for  the  investigation  of  their  characteristic 
properties. 

Potassium.  When  hydrate  of  potassa,  slightly  moistened,  is 
connected  with  the  opposite  poles  of  a  galvanic  battery,  the  oxygen, 
both  of  the  water  and  the  potassa,  passes  over  to  the  positive  pole, 
while  hydrogen  and  potassium  appear  at  the  negative.  Potassium 
is  solid  at  the  ordinary  temperature  of  the  atmosphere,  becomes  par- 
tially fluid  at  50°,  and  completely  so  at  150°.  In  colour  and  lustre 
it  resembles  mercury,  but  differs  from  other  metals  in  being  lighter 
than  water.  Its  powerful  affinity  for  oxygen  has  already  been 
spoken  of.  It  oxidizes  rapidly  in  the  air,  or  in  fluids  containing 
oxygen.  It  decomposes  water  the  instant  it  touches  it,  the  potas- 
sium being  inflamed,  and  burning  with  a  vivid  light  while  swim- 
ming on  the  surface.  It  can  only  bo  preserved  from  oxidation  by 
being  kept  in  glass  tubes  hermetically  sealed,  or  by  being  immersed  in 
liquids  which  do  not  contain  oxygon  as  one  of  their  elements.  Its 
combining  proportion  is  40.  Potash,  or  potassa,  the  oxide  of  potas^ 
sium,  is  found  combined,  in  small  quantities,  with  nearly  twenty 
earthy  minerals,  among  others,  with  mica  and  felspar.  It  also 
combines  with  some  acids.  Nitrate  of  potash,  or  saltpetre,  has 
already  been  spoken  of  as  a  mineral  product,  under  the  head  of 
Nitrogen. 

Sodium.  Sodium  was  discovered  by  Sir  Humphry  Davy  shortly 
after  the  discovery  of  potassium.    It  has  a  strong  metallic  lustre, 
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like  that  of  silver,  and  is  so  soft  at  the  common  temperature,  that  it 
may  bo  pressed  into  leaves  with  the  fingers.  It  soon  oxidizes  when 
exposed  to  the  air,  though  less  rapidly  than  potassium.  When 
thrown  into  water  it  swims  on  the  surface  with  a  violent  hissing 
noise,  and  is  rapidly  oxidized,  hydrogen  being  evolved,  but  no  light 
is  visible.  It  possesses  the  characteristic  properties  of  other  metals, 
in  being  a  positive  electric.  Its  combining  proportion  is  24*.  Soda, 
the  oxide  of  sodium,  is  found  in  variable  proportions  in  about  twelve 
earthy  minerals,  but  in  none  that  are  metallic.  It  combines  abun- 
dantly with  several  acids.  The  borates,  carbonates,  sulphates,  and 
muriates  of  soda,  have  been  already  noticed,  under  the  heads  of 
boron,  carbon,  sulphur,  and  chlorine. 

Lithium.  A  new  alkali,  to  which  the  name  of  lithia  was  given, 
was  discovered  in  the  year  1818,  by  a  Swedish  chemist,  in  analyzing 
a  mineral  called  petalite ;  it  has  also  been  found  in  spodumene,  and 
in  several  varieties  of  mica.  Lithia  was  decomposed  by  Sir  H.  Davy, 
by  the  same  means  which  had  effected  the  decomposition  of  potash 
and  soda,  and  a  white  metal  resembling  sodium  was  obtained,  which 
was  re-oxidized,  and  thus  converted  into  lithia,  so  rapidly  that  it 
could  not  be  collected.     Its  combining  proportion  is  10. 

METALLIC  BASES  OF  THE  ALKALINE  EARTHS. 

The  four  earths,  baryta,  strontia,  lime,  and  magnesia,  possess 
alkaline  properties,  but  they  are  less  caustic  than  the  alkalis,  are 
not  fusible,  except  by  voltaic  electricity,  or  the  hydro-oxygen  blow- 
pipe, are  less  soluble  in  water  than  the  alkalis,  and  form,  with  car- 
bonic acid,  insoluble  compounds.  These  earths  are  reduced  to  the 
metallic  state  with  much  greater  difficulty  than  the  alkalis,  and  the 
properties  of  their  bases  have  not  been  so  well  ascertained. 

Batiium.  Sir  H.  Davy  obtained  this  metal  by  mixing  carbonate 
of  baryta  in  a  paste  with  water,  and  placing  a  globule  of  mercury 
in  a  hollow  on  its  surface,  and  then  bringing  it  in  contact  with  the 
opposite  poles  of  a  galvanic  battery.  The  barium  of  the  baryta 
formed  an  amalgam  with  the  mercury,  and  on  submitting  it  to  heat 
in  close  vessels,  from  which  the  air  was  excluded,  the  mercury 
sublimed.  Barium  has  only  been  obtained  in  small  quantities,  and 
its  properties  have  therefore  scarcely  been  determined  with  pre- 
cision. It  is  of  a  dark-gray  colour,  with  less  lustre  than  cast-iron, 
and  its  specific  gravity  is  greater  than  that  of  water.  It  attracts 
oxygen  rapidly  from  the  atmosphere,  and  yields  a  white  powder, 
which  is  baryta.  Barium  effervesces  strongly  in  water,  with 
disengagement  of  hydrogen.     Its  combining  proportion  is  70. 
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Baryta,  or  barytes  *,  so  called  from  the  weight  of  its  compounds, 
is  a  gray  powder,  about  four  times  heavier  than  [water.  It  has 
a  sharp  alkaline  taste,  converts  vegetable  blues  to  green,  and 
neutralizes  acids.  All  the  soluble  salts  of  baryta  are  poisonous. 
Sulphate  of  baryta  is  one  of  the  most  insoluble  substances  with 
which  the  chemist  is  acquainted.  Baryta  is  by  no  means  a  very 
abundant  earth.     Its  salts  communicate  a  yellow  colour  to  flame. 

Strontium.  This  metal  was  discovered  by  Sir  H.  Davy,  by  a 
process  similar  to  that  employed  to  obtain  barium.  Little  more 
is  known  respecting  it  than  that  it  is  a  heavy  metal  resembling 
barium,  and  that  it  is  converted  into  strontia  by  contact  with  water 
or  air.  Its  combining  proportion  is  44.  Strontia,  like  the  other 
earths,  is  white  when  dry  and  pure,  and  resembles  baryta  in  its 
infusibility  and  alkaline  properties.  The  salts  of  strontia,  when 
dissolved  in  alcohol,  and  inflamed,  tinge  the  flame  of  a  blood-red. 
Strontia  occurs  combined  with  carbonic  and  sulphuric  acids.  Its 
name  is  derived  from  Strontian,  in  Scotland,  where  the  carbonate 
was  first  discovered. 

Calcium.  The  existence  of  the  metallic  base  of  lime  was 
proved  by  Sir  H.  Davy,  by  the  means  before  described  as  employed 
for  the  decomposition  of  bar}'ta  and  strontia.  It  is  whiter  than 
barium,  and  is  converted  into  lime  by  oxidation.  Its  other  proper- 
ties are  unknown.     Its  combining  proportion  is  estimated  at  20. 

Lime,  or  oxide  of  calcium,  has  never  been  found  pure:  when 
prepared  by  the  chemist  it  is  white  and  caustic,  and  changes  vege- 
table blues  to  green.  It  is  infusible,  except  by  the  hydro-oxygen 
blow-pipe  or  by  voltaic  electricity.  When  a  stream  of  oxygen  gas  is 
directed  upon  red-hot  lime  it  produces  a  light  too  intense  to  look  upon. 

Lime  is  a  most  important  and  abundant  earth.  It  is  prepared 
in  large  quantities  by  exposing  the  carbonates  of  lime,  such  as  lime- 
stone, marble,  chalk,  calcareous  spar,  or  sea-shells,  to  a  red  heat, 
when  the  carbonic  acid  is  driven  ofi*,  and  lime  remains.  In  this 
state  it  is  caustic,  and  is  called  quick-lime.  When  moistened  with 
water,  it  falls  to  powder  and  combines  with  the  water.  It  then 
becomes  a  hydrate  of  lime,  commonly  called  slaked  lime,  in  which 
state  it  is  used  for  mortar. 

The  importance  and  utility  of  lime  and  its  compounds  is  as 
great  as  its  distribution  is  extensive.  Its  use  as  a  manure,  a 
cement,  and  for  many  other  purposes  in  the  arts,  is  too  well  known 
to  require  enumeration.  Besides  the  carbonate,  lime  occurs  as  a 
fluate,  borate,  and  arseniate. 

♦  Bapvf, — ^heavy. 
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Magnesium. — The  existence  of  this  metal  was  likewise  proved  by 
Sir  H.  Davy,  though  he  obtained  it  in  quantities  too  minute  for  ascer- 
taining its  properties,  any  further  than  that  it  decomposes  water, 
and  tbat  its  oxide  is  magnesia.     Its  combining  proportion  is  12. 

Magnesia  is  a  white  powder,  and,  when  pure,  has  neither  taste 
nor  odour.  It  is  of  the  specific  gravity  of  2*8,  and  very  infusible. 
It  forms  a  hydrate  with  water,  for  which,  however,  it  has  a  less 
affinity  than  lime.  It  is  sparingly  soluble  in  water.  The  solution 
of  magnesia  is  inert  with  respect  to  vegetable  blues,  but  when  pure 
magnesia  is  laid  on  turmeric-paper,  it  causes  a  brown  stain.  This 
is  a  decided  proof  of  its  alkalinity,  and  it  possesses  another  essential 
alkaline  property,  that  of  forming  neutral  salts  with  acids. 

Magnesia  is  found  in  about  thirty  minerals,  but  they  are  not  ao 
abundant  as  in  the  compounds  of  lime  or  silica,  nor  does  it  form  the 
prevailing  ingredient  in  any  of  them.  Minerab  containing  mag- 
nesia have  frequently  a  soapy  feel.  It  is  found  in  combination  with 
the  carbonic,  sulphuric,  and  boracic  acids.  The  mineral  in  which 
it  exists  in  the  greatest  purity  is  the  hydrate,  called  also  native 
magnesia. 

THE  NON-ALKALINE  EARTHS. 

Aluminum.  From  some  experiments  of  Sir  H.  Davy,  it  was 
inferred  that  the  earth  alumina  is  a  metallic  oxide;  and  aluminum, 
the  metal,  has  lately  been  procured  in  a  pure  state  by  Dr.  WcMdr. 
It  is  a  gray  powder,  very  similar  to  that  of  platinum,  occurring  gene- 
rally in  small  scales  of  a  metallic  lustre.  It  requires  for  its  fusion  a 
higher  temperature  than  that  at  which  cast-iron  melts.  When  heated 
to  redness  in  the  open  air,  it  takes  fire,  and  bums  with  a  vivid  light; 
aluminous  earth,  of  a  white  colour  and  considerable  hardness,  being 
the  result.  When  heated  to  redness  in  a  vessel  of  pure  oxygen, 
it  burns  with  intense  light  and  heat,  the  resulting  alumina  is  par- 
tially vitrified,  and  equal  in  hardness  to  corundum,  an  aluminou| 
crystallized  mineral. 

Water,  at  common  temperatures,  does  not  oxidize  aluminum,  but 
oxidation  commences  when  the  water  is  heated  to  near  the  boiling- 
point  ;  and  a  feeble  disengagement  of  hydrogen  takes  place.  Alur 
minum  is  not  a  conductor  of  electricity  in  the  state  of  powder,  but 
becomes  so  when  fused.  The  earth  alumina,  in  its  pure  state,  hm 
neither  taste  nor  smell,  is  quite  infusible,  and  insoluble  in  water, 
for  which,  however,  it  has  a  powerful  affinity,  forming  with  it  a 
hydrate.  It  attracts  moisture  from  the  atmoq^ere,  and  adheres 
strongly  to  the  tongue.  When  once  combined  with  water,  it  cannot 
be  rendered  Mihydrous^  except  by  a  white  beat. 
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Alumina  is  a  very  common  earth:  it  occurs  in  every  country, 
and  in  rocks  of  all  ages,  and  the  aluminous  rocks  are  among  the 
most  abundant  in  every  formation.  It  is  an  important  ingredient 
in  soils,  imparting  to  them  tenacity  and  the  power  of  retaining 
moisture.  Those  soils  in  which  it  forms  the  chief  ingredient  are 
termed  stiff,  or  clayey,  and  are  best  adapted  to  the  growth  of  wheat. 

When  mixed  with  water,  hydrate  of  alumina  forms  a  soft 
plastic  mass,  easily  moulded  into  various  forms,  and  capable  of  being 
hardened  in  the  fire,  and  hence  its  utility  in  the  manufacture  of 
pottery.  Although  hydrate  of  alumina,  or  clay,  is  a  very  abundant 
mineral  product,  yet  in  a  state  of  purity  it  is  extremely  rare,  being 
generally  contaminated  with  silica,  lime,  or  oxide  of  iron,  the  pre- 
sence of  which  latter  ingredient  causes  the  red  colour  of  most  kinds  of 
clay  when  burned.  Marl  is  a  mixture  of  clay  with  calcareous  matter. 
Rocks  in  which  alumina  prevails  may  be  recognised  by  the  earthy 
smell  which  they  give  out  when  breathed  upon.  This  is  called  the 
argillaceous  odour,  though  it  does  not  belong  to  alumina  in  a  state  of 
purity.  Alumina  occurs  combined  with  the  hydro-fluoric  and  sul- 
phuric acids,  and  with  potash  and  soda.  Though  the  most  common 
form  of  alumina  is  a  rude,  amorphous,  soft  clay,  it  likewise  occurs 
crystallized.  Those  beautiful  gems,  the  ruby  and  the  sapphire, 
consist  almost  wholly  of  alumina,  and  rival  the  diamond  in  hard- 
ness and  in  value.  This  earth  likewise  amounts  to  86  per  cent,  in 
corundum  or  emery,  which  is  so  hard  as  to  be  employed  in  polishing 
steel,  and  in  cutting  and  polishing  gems.  The  name  of  alumina  is 
derived  from  alum,  of  which  it  is  the  base.  In  these  minerals 
alumina  appears  like  silica  in  the  silicates  to  act  the  part  of  an  acid, 
and  they  have  therefore  by  some  chemists  been  named  aluminates. 

SiLicuM.  The  metallic  base  of  the  earth  silica  was  obtained  by 
Sir  H.  Davy,  by  bringing  the  vapour  of  potassium  in  contact  with 
pure  silica  heated  to  whiteness,  when  a  compound  of  silica  and 
potassa  was  formed,  through  which  the  base,  silicum,  was  diffused 
in  black  particles  like  plumbago.  Nevertheless,  much  doubt 
existed  whether  it  was  a  metal,  and  some  chemists  classed  it 
among  the  non-metallic  bodies,  under  the  name  of  Bilicon.  The 
recent  researches  of  Berzelius  appear  nearly  decisive  of  this  point. 
He  first  obtained  the  base  of  silica  in  a  state  of  purity,  and  found 
it  a  solid,  of  a  dark  nut-brown  colour,  without  the  least  metallic 
lustre;  and  it  wanted  another  characteristic  of  a  metal,  that  of 
being  a  conductor  of  electricity.     Its  combining  proportion  is  8. 

Silica  is  the  most  abundant  of  the  earths.  In  its  pure  state 
silica  is  a  light  white  powder,  without  taste  or  odour,  and  feels 
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rough  and  dry  when  ruhbed  between  the  fingers.  It  is  infusible, 
except  by  the  oxy- hydrogen  blowpipe,  to  which  it  yields  more 
readily  than  either  lime  or  magnesia.  Silica  is  quite  insoluble  in 
water,  which,  however,  dissolves  it  in  large  quantities  in  its  nascent 
state.  In  order  that  silica  should  be  held  in  solution  in  springs,  it 
appears  necessary  that  the  water  should  be  at  a  high  temperature. 
The  most  celebrated  hot  siliceous  springs  are  those  of  St.  Michael, 
one  of  the  Azores,  and  of  the  Geysers  in  Iceland,  from  each  of  which 
is  deposited  a  siliceous  incrustation  called  sinter,  analogous  to  the 
calcareous  tufa  which  we  have  before  described  as  resulting  from 
waters  containing  carbonate  of  lime. 

Silica  appears  to  possess  the  properties  of  an  acid  rather  than  an 
alkali.  No  acid  acts  upon  it  except  the  hydro-fluoric,  but  it  is 
dissolved  by  solutions  of  the  fixed  alkalis,  and  combines  with 
many  of  the  metallic  oxides.  Some  chemists,  therefore,  ainong 
whom  is  Berzelius,  denominate  silica  silicic  acid^  and  its  compounds 
with  alkaline  and  earthy  bases  and  oxides,  silicates.  The  compound 
earthy  minei*als  containing  silica,  are  in  this  view  native  silicates. 

When  silex,  or  pure  sand,  is  fused  with  carbonate  of  soda  or  po« 
tassa,  carbonic  acid  is  expelled,  and  a  silicate  of  the  alkali  produced; 
the  nature  of  which  varies  according  to  the  proportions  of  alkali 
employed.  If  the  compound  consist  of  one  part  of  silica  and  three 
parts  of  alkali,  a  vitreous  mass  will  be  formed,  soluble  in  water; 
but  on  reversing  the  proportions,  a  brittle  transparent  compound  is 
formed,  not  soluble  in  water,  nor  in  any  acid  except  the  hydro- 
fluoric. This  is  glass.  Every  kind  of  glass  is  composed  of  silica 
and  an  alkali,  and  the  quality  of  it  depends  on  the  purity  or 
impurity  of  the  materials  used.  Silica  forms  a  component  of  two- 
thirds  of  the  earthy  minerals,  whose  composition  is  known.  As 
quartz-rock,  it  constitutes  whole  mountain-masses.  It  is  the  principal 
ingredient  of  sandstones.  Rock-crystal,  calcedony,  flint,  and  jasper, 
consist  almost  wholly  of  it,  and  silica  of  sufiicient  purity  for  most 
purposes  may  be  procured  by  heating  rock-crystal,  throwing  it  when 
red-hot  into  water,  and  then  reducing  it  to  powder.  The  name  of 
silica  is  derived  from  silex^  the  Latin  for  flint. 

The  remaining  earths,  yttria,  glucina,  and  zirconia,  occur  too 
rarely,  and  are  consequently  too  little  known,  to  require  or  admit 
of  much  description.  They  are  supposed  from  analogy  to  have 
metallic  bases  like  the  other  earths,  but  they  have  never  been 
decomposed. 

Yttrium  is  the  supposed  base  of  the  earth  yttria^  which  was 
discovered  as  a  component  of  a  mineral  called  gadinolitc,  found  near 
Ytterby,  in  Sweden,  whence  the  name  of  yttria.      SvtR.\^w^ 
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detnonstraied  that  oxygen  entered  into  the  composition  of  jttria, 
bj  bringing  it,  when  ignited,  into  contact  with  potassium,  when  the 
oxygen  of  the  yttrium  united  with  the  potassium  and  formed 
potassa,  and  dark  metallic  particles  were  diffused  through  the  alkali. 
It  is  found  only  in  one  or  two  rare  minerals  besides  the  gadinolite. 
Its  combining  proportion  is  estimated  at  3(>. 

Glucina  derives  its  name  from  the  Greek  word  y\v/cvfy  sweety 
from  the  sweet  taste  of  its  salts.  When  pure,  it  is  a  white  powder 
without  taste  or  odour,  soft,  and  quite  insoluble  in  water.  The 
metallio  nature  of  its  base  has  been  inferred  on  the  same  grounds  aa 
that  of  yttria,  and  its  combining  proportion  has  been  estimated  at 
36.  Glucina  occurs  only  in  small  quantities,  combined  with  other 
elements  in  the  minerals  euclase,  beryl,  emerald,  gadinolite,  and 
topaz. 

ZiRcoNiA  is  an  earth  discovered  in  the  zircon  of  Ceylon,  and  the 
hyacinth  of  Expailly,  in  France,  as  a  white  powder  (when  pure) 
resembling  alumina  in  its  appearance,  and  without  cither  taste  or 
odour.  Its  specific  gravity  is  4*3.  Like  the  other  earths,  it  is 
infusible  by  ordinary  means.  The  experiments  of  Sir  H.  Davy  led 
to  a  presumption  that  its  base  was  of  a  metallic  nature,  and  Berze- 
lius  has  since  procured  it  in  an  insulated  state,  in  the  form  of  black 
powder.  Its  metallic  nature  is  very  doubtful;  it  may  be  pressed  out 
into  shining  scales,  but  has  not  been  procured  in  a  state  capable  of 
conducting  electricity.      Its  combining  proportion  appears  to  be  40. 

The  substance  called  thorina^  which  Berzolius  supposed  to  be  a 
distinct  earth,  he  aflerwards  found  to  be  a  phosphate  of  yttria;  but 
a  black  heavy  mineral  has  lately  been  discovered  near  Brevig  in 
Norway,  which  proved,  on  analysis,  to  be  a  silicate  of  a  new  earth, 
allied  in  its  properties  to  yttria,  glucina,  and  zirconia,  and  to  the 
base  of  this  earth  Berzelius  has  given  the  name  of  thorium. 

The  twenty-nine  metals  which  close  the  list  of  simple  bodies, 
are  to  be  considered  rather  as  accidents  of  rocks  than  as  their  essen- 
tial ingredients.  For  this  reason,  although  they  are  a  most  useful, 
important,  and  interesting  class  of  substances,  we  shall  not  enter  into 
a  description  of  them.  When  it  is  said  that  they  arc  not  essential 
ingredients  of  rocks,  an  exception  must  be  made  with  respect  to 
iron,  the  oxide  of  which  is  of  almost  universal  distribution,  there 
being  scarcely  a  mineral  in  which  it  is  not  found  in  small  quantities. 
With  respect  to  the  relative  abundance  of  the  earths,  silica  is  the 
most  common,  alumina  the  next  so.  Lime  occurs  among  the  earlier 
rocks,  but  is  most  abundant  in  the  stratified  secondary  series,  and 
with  the  increase  of  lime  a  corresponding  iiicrease  appears  to  have 
taken  place  in  the  number  of  testaceous  moU^^s* 
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CHAPTER  VI. 

EXTERNAL  CHARACTERS  OF  MINERALS. 

Minerah  discriminated  by  their  external  and  chemical  charaderi."^ 
External  characters — irregular  farms — regular  forms  or  crystali 
'primary  and  derived  forms'—fracture — hardness— frangi^ 
bility — transparency — lustre —  colour — flexibility — elasticity-^ 
double  refraction — touch — taste — odour-powder — stain — adhe^ 
sion  to  the  tongue — magnetism — electricity — -phosphorescence^^ 
specific  gravity. 

Having  described  the  most  remarkable  properties  of  the  elementary 
bodies  in  their  relation  to  the  crust  of  the  earth, — having  pointed 
out  the  distinction  between  the  simple  bodies  of  chemistry  and 
simple  minerals, — ^and  having  taken  a  cursory  glance  at  some  of  the 
characters  by  which  minerals  are  discriminated,  we  will  now  resume 
this  latter  part  of  the  subject  more  in  detail,  and  will  describe  those 
minerals  which  enter  most  extensively  into  the  composition  of  rocks. 
It  must  be  premised,  however,  that  the  student  desirous  of  obtaining 
a  knowledge  of  mineralogy  will  learn  more  in  a  few  weeks  from 
oral  instruction,  and  from  the  careful  observation  of  well-arranged 
collections,  than  he  can  in  months,  or  even  years,  from  the  most 
elaborate  descriptions,  unaccompanied  by  examination  of  the  sub- 
stances described. 

Facilities  for  the  study  of  mineralogy  have  of  late  greatly 
increased.  Public  collections  of  minerals  were,  a  few  years  ago, 
confined  to  the  metropolis,  the  capitals  of  Scotland  and  Ireland,  the 
universities,  and  one  or  two  of  the  chief  principal  towns.  To  those, 
therefore,  who  resided  at  a  distance  from  such  public  collections,  or 
from  teachers  of  mineralogy,  that  science  was,  in  a  great  measure,  a 
sealed  book.  Their  only  resource  was  to  purchase  from  dealers 
named  collections  of  minerals,  the  expense  of  which  amounted  to  a 
prohibition  with  the  majority  of  students,  or  to  pick  up  information, 
slowly  and  laboriously,  by  examining  such  specimens  as  chance 
might  throw  in  their  way,  and  by  comparing  them  with  the 
descriptions  in  works  on  mineralogy.  But  now  the  case  is  greatly 
altered.  There  are  now  few  (Jounties  in  Great  Britain  in  which 
Natural  History  Societies  have  not  been  established,  and  some  of 
the  larger  and  more  opulent  counties  support  two  or  three. 
Minerals  must  ever  form  a  prominent  object  in  Museums  of  Natural 
History;  and  a  useful  and  instructive  collection  of  these,  although 
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boo  costly  for  most  individual  students,  may  be  purchased  for  a 
sum  which  becomes  trifling  when  divided  among  a  number  of 
contributors. 

Minerals  may  be  discriminated  by  their  External  and  by  their 
Chemical  characters;  and  chemical  analysis  is  of  two  kinds, — 
Qualitative  and  Quantitative.  By  means  of  the  former,  we  merely 
seek  to  ascertain  what  ingredients  are  to  be  found  in  any  substance; 
by  means  of  the  latter,  we  determine  the  quantities  in  which  these 
different  ingredients  are  combined.  As  the  chemical  characters 
depend  on  the  composition  of  minerals,  tbcse  can  only  be  thoroughly 
known  by  means  of  a  complete  quantitative  analysis;  but  a  rough 
qualitative  analysis  will  frequently  afford  considerable  insight  into 
their  composition,  and  furnish  a  series  of  characters,  many  of  which 
are  peculiar  to  certain  minerals,  or  groups  of  minerals,  and  are  thus 
of  great  assistance  for  the  discovery  of  their  nature  when  any 
ambiguity  arises  in  the  external  characters.  This  qualitative 
analysis  may  be  performed  upon  a  small  scale,  both  cheaply  and 
expeditiously,  either  in  the  dry  or  the  humid  way.  In  the  first 
process,  small  fragments  of  the  mineral  to  be  examined  are  sub- 
mitted to  the  action  of  heat.  The  heat  employed  is  that  of  a  lamp 
or  candle,  urged  by  a  blast  through  a  blowpipe,  this  blast  being 
sustained,  most  commonly,  by  the  lungs  of  the  operator,  but  some- 
times by  bellows  or  other  apparatus.  The  blow-pipe  is  a  small  tube 
seven  or  eight  inches  long,  a  quarter  of  an  inch  in  diameter  at  its 
widest  end,  and  gradually  contracting  till  it  terminates  at  the  other 
in  an  orifice  of  the  size  of  a  small  wire.  By  means  of  this  instru- 
ment, an  intense  heat,  equal  in  degree  to  that  of  the  most  powerful 
wind-furnace,  may  be  produced.  Many  earthy  minerals  may  bo 
fused  by  it;  and  the  ores  of  many  metals  may  be  reduced  to  the 
metallic  state;  and  blow-pipe  operations  have  this  advantage  over 
those  conducted  in  a  funiace, — that  the  whole  process  takes  place 
immediately  under  the  eye  of  the  operator,  who  can  thus  observe  all 
the  changes  produced  by  the  action  of  heat  upon  the  mineral  under 
axamination,  when  treated  cither  alone  or  with  the  addition  of 
borax,  carbonate  of  soda,  or  other  fluxes.  These  changes  are  termed 
!;he  habitudes  of  a  mineral  before  the  blow-pipe,  and  are  of  great 
Faluo  as  distinctive  characters.  We  can,  by  these  means,  distin- 
^ish  felspar  from  quartz, — the  former  being  fusible,  the  latter  infu- 
rible,  unless  mixed  with  an  alkali.  A  sulphuret  may  be  known 
from  an  arseniuret  by  the  different  odours  which  they  exhale  when 
iieated,  and  the  different  metals  communicate  peculiar  colours  to  the 
glass  formed  by  their  fusion  with  borax. 

In  conducting  a  qualitative  analysis  in  the  humid  way,  a  small 
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portion  of  the  mineral  reduced  to  powder  is  submitted  to  the  action 
of  a  few  drops  of  acid  in  a  watch-glass,  heat  being  applied  from  the 
flame  of  a  lamp  or  candle,  if  necessary;  and  if  the  mineral  can  thus 
be  brought  into  a,  state  of  solution,  the  solution  is  diluted  with 
water,  and  poured  into  several  small  glass  tubes,  to  each  of  which  a 
diflferent  test  or  re-agent  is  added,  and  by  each  of  these,  peculiar 
changes  are  produced  in  the  solution,  according  to  the  nature  of  the 
substances  contained  in  it. 

We  shall  first  describe  the  external  characters  of  minerals;  then 
the  mode  of  ascertaining  their  chemical  characters  by  the  blow-pipe 
and  with  acids;  and  lastly,  enumerate  the  most  common  of  the 
earthy  minerals,  giving  both  their  external  and  chemical  characters. 

THE  EXTERNAL  CHARACTERS, 

These  are  Form,  Structure,  Fracture,  Frangibility,  Hardness, 
Transparency,  Translucency,  Lustre,  Colour,  Flexibility,  Elasticity, 
Double  Refraction,  Touch,  Taste,  Odour,  Streak  or  Powder,  Stain, 
Adhesion  to  the  tongue,  Magnetism,  Electricity,  and  Specific  Gra- 
vity or  Weight. 

With  respect  to  Foi*m^  a  mineral  is  either  without  any  parti- 
cular form,  when  it  is  said  to  be  Amorphous;  or  it  bears  some 
general  resemblance  to  common  substances,  natural  or  artificial,  in 
which  case  it  is  said  to  have  Vk  Particular  Form;  or  its  natural 
surfaces  consist  of  a  certain  number  of  planes  of  a  determinate 
shape,  arranged  in  a  determinate  manner,  in  which  case  it  is  said  to 
bo  Crystallized y  or  of  a  Regular  Form. 

A  mineral  which  occurs  in  pieces  not  exceeding  the  size  of  a 
hazel-nut  imbedded  or  incorporated  in  another  mineral,  is  said 
to  be  Disseminated^  whether  it  be  amorphous  or  crystallized.  If 
amorphous,  and  in  pieces  larger  than  a  hazel-nut,  it  is  said  to  be 
Massive.  When  the  size  of  the  pieces  is  from  that  of  a  hazel-nut 
to  that  of  a  pea,  it  is  said  to  be  Coar^^/y  disseminated;  from  the 
size  of  a  pea  to  that  of  a  grain  of  mustard-seed,  it  is  Finely  dis- 
seminated; and  when  the  pieces  are  below  that  size,  and  still 
perceptible  by  the  eye,  it  is  Minutely  disseminated.  An  amorphous 
mineral  that  occurs  loose  or  detached  is  said  to  be  in  Grains^  which 
are  distinguished  according  to  their  size,  as  Gross^  Large^  Small^ 
and  Minute.  Oross  grains  are  from  the  size  of  a  hazel-nut  to  that 
of  a  pea;  large,  from  the  size  of  a  pea  to  that  of  hemp-seed;  small, 
from  the  size  of  hemp-seed  to  that  of  mustard-seed;  below  which 
size  they  are  called  minute.  An  amorphous  mineral  that  occurs 
adhering  to  another  mineral  in  flattened  pieces  which  do  not  exceed 
an  inoh  in  thickness,  is  said  to  be  in  Plates, 
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Particular  external  forms  are  those  which  bear  a  resemblance  to 
common  well-known  bodies,  both  natural  and  artificial.  The  fol- 
lowing are  the  names  given  to  different  particular  forms. 

Dentiform,  When  a  mineral  adheres  by  the  thicker  end,  is 
elongated  towards  the  other  end  with  a  curve,  and  terminates  in  a 
point,  it  is  said  to  be  dentiform,  or  tooth-shaped.  From  the  Latin 
dens^  a  tooth. 

Filiform.  A  mineral  is  said  to  be  filiform  that  occurs  in  long 
slender  columns,  like  wires  or  threads.  From  the  Latin  filnm^  a 
thread. 

Capilliform.  When  the  threads  are  more  slender,  like  hairs, 
the  mineral  is  called  eapilliform.  From  the  Latin  capillus,  hair. 
These  columns  or  threads  are,  in  fact,  imperfect  crystals.  When  a 
mineral  occurs  in  long,  slender,  well-defined  crystals,  it  is  said  to  bo 
acicular^  or  needle-shaped. 

Hetiform,  This  term  is  applied  to  parallel  threads  or  fibres 
intersecting  other  parallel  threads  or  fibres  at  right  angles,  and 
producing  the  appearance  of  net-work.  From  the  Latin  rete^  a  net. 
Dendritic.  This  is  synonpnous  with  arborescent,  and  is  applied 
to  a  mineral  which  from  a  thicker  main  stem  separates  into  several 
which  are  more  slender,  and  are  often  furnished  with  smaller  shoots, 
presenting,  on  the  whole,  the  appearance  of  a  tree,  whence  the  name, 
from  the  Greek  BevSpov^  a  tree.  We  have  dendritic  native  silver 
and  copper,  and  dendritic  manganese,  which  is  of  very  common 
occurrence  on  the  surface  of  natural  joints  in  rocks. 

Bamose.  This  is  that  particular  form  which  consists  of  crooked 
branches,  not  rising  from  a  common  stem,  nor  possessing  a  propor- 
tionate thickness.     From  the  Latin  ramus,  a  branch. 

Coralliform.  A  mineral  occurring  in  elongated  curved  shoots, 
rounded  at  the  extremities,  is  said  to  be  coralliform,  from  its  resem- 
blance to  coral. 

Stalactitiform.  A  mineral  resembling  an  icicle  in  shape  is  said 
to  be  stalactitiform,  from  the  Greek  a-ToXayfia,  a  drop,  an  icicle. 

Tubidiform,  or  fistuliform,  are  terms  applied  to  minerals  occur- 
ring in  round  and  hollow  columns,  single  or  in  groups.  From  the 
Latin  tubulus  and  fstula,  a  pipe. 

Botryoidal,  resembling  a  cluster  of  grapes.  From  the  Greek 
fioTpvs,  a  grape.  Minerals  presenting  an  aggregation  of  large  sections 
of  small  globes  are  called  botryoidaL  This  particular  form  occurs 
in  calcedony,  manganese,  and  malachite,  or  green  carbonate  of  cop- 
per. When  the  globes  are  larger,  and  the  sections  or  portions  smaller, 
the  term  Mammillated  is  used.  From  the  Latin  mamma,  a  breast. 
Eeniform.    A  mineral  is  said  to  be  reniform  when  it  consists  of 
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several  globular  elevations,  each  of  which  is  sometimes  composed  of 
several  that  are  smaller.  The  name  is  derived  from  the  Latin  ren^ 
a  kidney,  from  the  resemblance  to  kidneys,  particularly  those  of 
calves.     Red  and  black  haematite  are  good  examples  of  this  form. 

Specular.  A  mineral  not  crystallized,  and  having  one  smooth 
and  brilliant  surface,  is  called  specular.  Specular  galena,  or  slick- 
ensides,  affords  an  example.  Some  crystallized  minerals  are  also 
said  to  be  specular,  from  the  brilliancy  of  their  planes,  as  specular 
iron-ore.     From  the  Latin  speculum^  a  looking-glass. 

Laminated.  A  mineral  is  said  to  be  laminated,  when  it  occurs 
in  thin  plates  or  leaves  adhering  to  another  mineral.  From  the 
Latin. &Emtna,  a  thin  plate. 

Pectinated.  This  form  is  produced  by  tables  disposed  upon  and 
beside  each  other,  so  that  they  present  the  appearance  of  hair  parted 
by  the  comb.  From  the  Latin  pecten^  a  comb.  It  is  of  very  rare 
occurrence. 

Cellular.  This  term  is  properly  applied  to  minerals  which 
exhibit  the  appearance  of  cells  formed  by  the  crossing  and  inter- 
secting of  the  laminee  of  which  they  are  composed.  It  is,  however, 
frequently  used  instead  of  Vesicular. 

Vesicular.  This  term  belongs  to  a  mineral  having  small  and 
somewhat  round  cavities,  both  externally  and  internally,  as  in  lava, 
pumice,  and  basalt.  It  is  derived  from  the  Latin  vesicula^  a  little 
bladder. 

REGULAR  FORMS,  OR  CRYSTALS. 

When  a  body  passes  from  the  gaseous,  or  fluid,  to  the  solid  state, 
the  particles  of  which  it  is  composed  sometimes  arrange  themselves 
together  so  as  to  form  a  shapeless  mass;  but  they  more  commonly 
dispose  themselves  in  a  certain  order,  so  as  to  give  rise  to  solids 
whose  surfaces  consist  of  a  determinate  number  of  sides,  associated 
in  a  determinate  manner.  Such  bodies  are  called  crystals,  and  the 
process  by  which  they  are  formed  is  termed  crystallization.  This 
process  takes  place  when  a  solid  has  been  fused,  and  is  allowed  to 
return  slowly  to  the  solid  form,  or  when  it  has  been  dissolved  in  a 
fluid  from  which  it  is  slowly  deposited  by  evaporation ;  and  the  more 
slowly  this  cooling  or  evaporation  takes  place,  the  more  regular  are 
the  forms  of  the  crystals.  As  an  instance  of  crystallization  from 
solution,  add  alum  to  eight  or  ten  ounces  of  boiling  water  as  long  as 
any  is  dissolved,  and  on  allowing  the  liquid  to  cool,  crystals  will  be 
deposited;  or,  dissolve  oxalic  acid  in  water,  and  on  exposing  it  to  the 
air  for  some  days  in  a  shallow  vessel,  part  of  the  water  will  be 
evaporated,  and  crystallization  will  take  place,     As  an  instance  of 
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crystallization  from  a  state  of  fusion,  melt  a  quantity  of  sulphur  in  a 
large  crucible,  and  when  it  is  partially  cooled,  pierce  the  solid  crust, 
and,  inverting  the  crucible,  let  the  fluid  parts  run  out.  When  it  is 
quite  cold,  regular  crystals  of  sulphur  will  be  found  in  the  interior. 
The  regularity  of  the  crystals  in  this  case  arises  partly  from  their 
having  had  free  space  to  form  in,  as  well  as  from  the  slowness  of 
cooling,  for  confused  crystallization  may  frequently  be  seen  in  the 
centre  of  a  roll  of  sulphur.  The  crystallization  occurs  in  that  part 
because  it  was  the  longest  in  cooling,  and  it  is  imperfect,  first,  because 
the  cooling  even  of  the  interior  of  so  small  a  mass  takes  place  too 
rapidly  for  the  formation  of  any  but  irregular  crystals,  and  secondly, 
because  they  have  no  vacant  space  in  which  to  arrange  themselves 
without  interfering  with  one  another.  Something  analogous  is  met 
with  occasionally  in  granite.  That  rock  is  an  irregularly  crystal- 
lized mass  of  quartz,  felspar,  and  mica,  like  the  imperfect  crystal- 
lization in  the  stick  of  sulphur,  but  some  kinds  of  granite,  as  that  of 
the  Mourne  Mountains  in  Ireland,  abound  in  cavities  in  which 
those  minerals  are  found  in  regular  crystals.  The  most  perfect 
crystals  of  mineral  veins  are  always  found  lining  similar  cavities. 

Crystallography,  or  the  study  of  the  forms  and  structure  of 
crystals,  is  an  extremely  interesting  and  important  department  of 
science,  by  which  mineralogy  is  connected  with  mathematical 
investigations  and  the  most  refined  optical  researches. 

It  has  been  found  that  certain  forms  are  so  far  peculiar  to 
certain  minerals  and  salts  as  to  constitute  grounds  of  distinction 
between  them. 

Calcareous  spar  crystallizes  in  rhomboedrons,  fluor  spar  in  cubes, 
and  quartz  in  six-sided  pyramids;  but  fluor  spar  is  never  found  in 
rhomboedrons,  nor  calcareous  spar  and  quartz  in  cubes. 

The  surfaces  which  bound  the  figure  of  a  crystal  are  called  planes 

or  faces.     They  are  most  commonly  flat.     The  lines  formed  by  the 

junction  of  two  faces  are  called  edges.     The  angle  formed  by  the 

junction  of  two  edges  is  called  z  plane  angle.    The  point  formed  by 

4  the  meeting  of  at  least  three  planes  is  termed  a 

p;^- — -^ — \  solid  angle.     Thus  in  the  cube  (fig  4),  a  a  a  are 

p^*' — |~"n1^    planes,  bbb  ^re  edges,  and  c  c  are  solid  angles. 

a      a     \  Lateral  planes  are  those  of  the  greatest  extent, 

!  ,  considered  as  parts  of  the  surface,  and  they  bound 

Xk      r    •-•         ^*  towards  its  smallest  extent.    Extreme  or  ter- 

^  minal  planes  are  those  of  the  smallest  extent  as 

parts  of  the  surface,  and  form  its  confines  towards  its  largest  extent. 
Lateral  edges  are  formed  by  the  junction  of  lateral  planes  with 
lateral  planes.     Terminal  or  extreme  edges  are  formed  by 
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tion  of  lateral  planea  with  terminal   eilges.     Tliu^,   in  tlie  right 
square  prism  (fig.  a)  a «  are  lateral  plauea,  b  b   terminal   planes, 
ee  lateral  edges,  dd  termiQal  edges.      Crystals  sometimes  present 
the   appearance  of  having  lost  their  edges  and  solid 
angles,  which  arc  then  said  to  be  replaced  by  tan-  ^ 

gent  planes.  A  tangent  plane  with  reference  to  an  fvA^ 
edge  means  a  plane  inclined  equally  to  the  two  adjacent 
primary  planes,  and  parallel  to  the  edge  which  it  re- 
places. With  reference  to  a  solid  angle  a  tangent 
plane  is  inclined  equally  to  all  the  pianos  constituting 
the  solid  angle.  When  an  edge  is  replaced  by  two  small 
converging  planes,  terminating  in  an  edge,  it  is  said  to 
be  bevelled.  When  a  solid  angle  is  replaced  by  tliree 
or  more  converging  planes,  it  is  said  to  be  acuminated. 

The  forms  of  crystals  are  divided  by  crystallographers  into 
primary,  (called  also  primitive,  /andaoiental,  or  derivaliee,)  and 
secondary  (or  derited)  forms.  This  distinction  is  founded  on  the 
relation  of  certain  geometrical  solids  to  each  other, — on  the  transi- 
tions from  one  form  to  another  exhibited  by  many  minerals  from  tho 


replacement  or  truncation  of  their  edges  and  solid  angles, — and  on 
the  facility  with  which  most  crystallized  minerals  split  in  certain 
directions,  so  that,  however  various  the  forms  of  their  crystals,  they 
may  bo  all  reduced  by  cleavage  into  some  simpler  form,  having 
smooth  shining  pbnos  like  the  natural  faces  of  a  crystal.  If  the 
solid  angles  of  a  regular  octoedron  (fig.  6)  be  cut  off,  truncated  or 
replaced,  as  in  fig.  7,  and  if  these  planes  be  equally  enlarged  till  the 
faces  of  the  octoedron  disappear,  a  cube  will  bo  formed;  or  if  the 
twelve  edges  of  the  octoedron  be  replaced  by  tangent-planes,  as  in 
fig.  8,  and  if  these  bo  extended  till  they  mutually  intersect,  the 
rhombic  dodecaedron,  fig.  9,  will  be  produced.  In  the  same  man- 
ner, if  the  eight  solid  angles  of  the  cube  bo  replaced,  as  in  fig.  10, 
by  equilateral  triangles,  and  if  these  be  extended  till  the  planes  of 
tho  cube  disappear,  the  octoedron,  fig.  6,  will  bo  the  result.  The 
trttaedron,  fig.  11,  may  be  formed  by  the  replacement  of  the  four 
■ngles,  ce,  dd,  of  the  cube,  fig.  4,  till  the  cubic  faces  are  destroyed, 
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and  the  rhombic  dodecaedron,  fig.  9,  may  be  fonned  by  repkcing 
all  the  edges  of  the  cube,  as  in  fig.  IS,  with  tangent-pUines,  till  they 
intersect. 


10 


11 


12 


In  order  to  render  these  relations  more  familiar,  and  to  show  the 
variety  of  secondary  forms  which  may  bo  produced  by  combinationa 
of  the  planes  of  different  primary  forms,  let  the  student  cut  cubes 
and  octoedrons  out  of  an  apple  or  a  turnip,  and  practise  the  replace- 
ments of  their  solid  angles  and  edges  described  above,  till  the  cube 
results  out  of  the  octoedron,  and  the  octoedron  out  of  the  cube. 

For  an  enumeration  of  the  other  primary  forms,  which  are 
differently  stated  by  different  authors,  and  for  an  account  of  all  the 
secondary  forms  derived  from  them,  wo  must  refer  to  works  on 
cr}stallography.  Not  only  is  there  this  relation  between  certain 
geometrical  solids,  so  that  by  the  truncation  of  their  edges  and  solid 
angles  one  may  be  derived  from  the  other,  but  the  intermediate 
forms  occur  in  nature.  Cubic  and  octoedral  crystals,  for  instance, 
are  met  with,  in  which  the  replacement  is  so  slight  that  the  general 
form  of  the  octoedron  or  cube  remains,  (see  figs.  7  and  10,)  while 
in  others,  the  replacement  is  so  deep  that  the  primary  planes  are 
hardly  distinguishable. 

In  speaking  thus,  it  is  not  meant,  that  the  edges  and  solid  angles 
have  actually  been  removed,  but  only  that  the  same  appearances 
have  been  produced  as  if  these  truncations  had  taken  place.  The 
probable  way  in  which  the  modification  of  the  primary  form  haa 
resulted  from  the  addition  to  the  primarj'  planes  of  the  crystal  of 
laniinae  gradually  diminishing  in  breadth,  will  be  adverted  to 
presently. 

But  further,  however  various  may  be  the  crystalline  forms  under 
which  the  same  mineral  occurs,  and  however  distant  may  be  the 
localities  from  which  different  specimens  of  it  may  have  been 
brought,  if  they  yield  to  cleavage  at  all,  they  may  all  be  cleaved  so 
as  to  afford  the  same  nucleus  or  primary  form.  Calcareous  spar  is 
found  crystallized  under  three  hundred  varieties  of  form  at  least ; 
but  these  may  all  be  cleaved  in  three  directions,  and  in  those 
directions  only,  so  as  to  give  bright  surfaces  like  the  faces  of  m 
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crystal ;  and  those  cleavages  are  so  inclined  to  each  other  as  to 
produce  an  obtuse  rhomboid,  having  plane  angles  of  invariable 
measurements.  Into  this  form,  and  no  other,  are  all  crystals  of 
carbonate  of  lime  cleavable,  and  therefore  this  is  justly  considered 
as  its  primary  form.  The  primary  forms  of  some  other  minerals 
have  been  established  on  more  arbitrary  grounds.  Fluor-spar,  may 
be  cleaved  in  four  directions,  so  as  to  produce  three  different  forms, 
the  regular  octoedron,  the  regular  tetraedron,  and  an  acute  rhom- 
boid; out  of  these  crystallographers  have  selected  the  first  as  the 
primary,  though  for  what  reason  is  not  very  apparent.  Crystals 
of  blende,  or  sulphuret  of  zinc,  may  be  cleaved  into  five  different 
forms,  one  of  which  has  been  fixed  on  as  the  primary.  There  are 
other  minerals  whose  crystals  admit  of  cleavage  in  only  one  direction; 
and  yet  to  these,  and  to  others  which  are  not  susceptible  of  cleavage 
in  any  direction,  primary  forms  have  been  assigned.  In  such  cases, 
primary  form  has  been  deduced  from  the  direction  of  natural  fissures 
or  joints  which  become  visible  when  a  very  thin  slice  of  the 
mineral  is  held  up  between  the  eye  and  the  light,  or  it  has  been 
inferred  from  analogy  by  comparing  the  crystalline  forms  of  the 
substance  under  investigation  with  others  whose  primary  forms  are 
well  ascertained. 

We  have  spoken  of  the  formation  of  the  cube  out  of  the  octo- 
edron, and  of  the  octoedron  out  of  the  cube,  by  the  replacement 
of  their  solid  angles;  but  either  of  these  bodies  may  be  formed 
upon  the  other,  by  the  addition  of  layers  parallel  to  the  planes  of 
the  original  solid,  such  layers  gradually  diminishing  in  breadth. 
For  example,  when  cutting  off  the  solid  angles  of  a  cube,  and 
extending  the  planes  produced  thereby,  if  we  preserve  the  layers 
successively  removed,  and  fasten  them  on  again,  we  shall  have  the 
cube  formed  upon  the  octoedron  by  addition,  as  the  octoedron  was 
formed  out  of  the  cube  by  diminution ;  and  in  the  same  manner, 
after  reducing  the  octoedron  to  the  cube,  we  may  form  the  octo- 
edron on  the  cube,  by  restoring  the  layers  which  had  been  cut  off. 

When,  therefore,  we  speak  of  the  modification  of  the  primary 
form  of  a  crystal  by  the  replacement,  or  truncation,  of  its  edges  and 
solid  angles,  we  merely  adopt  a  fiction  which  affords  a  convenient 
mode  of  describing  effects  produced  by  a  process  of  which  we  are 
ignorant,  such  process  having,  in  all  probability,  been  the  very 
reverse  of  that  indicated  by  the  terms  employed.  For  there  are 
good  grounds  for  considering  the  secondary  forms  of  crystals  as 
having  arisen  from  the  regular  arrangement  on  the  planes  of  the 
primary  forma,  of  laminae  of  crystalline  matter,  gradually  decreasing 
in  breadth,  such  laminae  being  made  up  of  extremely  minute  par- 
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tides,  all  of  the  same  form,  in  the  same  manner  that  a  pyramid  may 
be  built  of  regularly-diminishing  horizontil  courses  of  small  cubical 
bricks,  each  course  or  layer  being  a  plate  of  the  thickness  of  a  single 

brick.  A  pyramid  built  of  such  bricks  would, 
of  course,  present  the  rough  channelled  out- 
line seen  in  fig.  13,  instead  of  the  smooth 
polished  faces  of  a  crystal ;  but  if  each  of 
these  bricks  were  (as  we  may  conceive  the 
integrant  molecules  of  crystals  to  be)  so 
small  that  the  inequalities  produced  by  them  were  not  discernible, 
the  faces  of  the  pyramid  would  appear  as  smooth  as  those  of  a 
crystal. 

The  form  of  ultimate  particles  which  are  so  small  as  to  be 
invisible,  opens,  of  course,  a  wide  field  for  conjecture.  It  is,  how- 
ever, certain,  that  sci'ondary  crystals  may  be  cleaved  into  layers 
panillt'l  to  the  planes  of  a  primary  nucleus  of  a  different  form  (in 
some  large  and  coarse  crystals  these  layers  are  visible,  being  marked 
by  stria?  on  its  surface);  these  layers  may  be  divided  by  cleavage  in 
other  directions,  so  as  to  afford  small  bodies  of  a  determinate  shape ; 
these  again  may  be  divided  and  subdivided  into  smaller  solids,  all  of 
the  same  shape,  till  they  are  no  longer  discernible  without  the  aid  of 
a  lens ;  and  they  still  preserve  their  peculiar  shape  as  long  as  they 
arc  visible.  These  forms,  then,  whether  cubes,  octoedrons,  &c., 
are  considered  as  the  forms  of  the  constituent  molecules  of  which 
the  crystals  are  built  up. 

By  placing  a  low  three-sided  pyramid  on 
each  plane  of  the  regular  octoedron,  a  rhom- 
bic dodecaedron  may  be  formed,  as  in  fig.  1 4, 
in  which  the  strong  lines  mark  the  octoedral 
nucleus,  and  the  fainter  lines  the  planes  of  the 
dodecaedron,  each  of  which  is  a  rhomboid 
composed  of  two  triangular  planes,  belonging 
to  two  different  pyramids.  On  one  face  of  the 
primitive  are  also  marked  the  progressively- 
decreasing  layers  of  which  the  pyramid  is 
made  up. 
The  rhombic  dodecaedron  may  also  bo  formed  by  placing  a 
low  quadrangular  pyramid  on  each  face  of  the  cube,  as  in  fig.  15; 
and  the  pentagonal  dodecaedron,  fig.  l(j,  may  likewise  bo  fonned 
on  the  cube,  by  placing  on  each  of  its  faces  an  equal  and  similar 
pyramid,  having  two  triangular  and  two  quadrangular  planes,  as  in 
fig.  17.  Now,  in  the  formation  of  these  two  different  dodecaedrons 
on  the  cube,  if  the  integrant  molecules  (tke  briM 
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two  kinds  ot  pyramid  are  composed  bo  all  of  a  cubic  form,  there 
must  be  a  very  different  arrangement  of  them  in  the  two  oases ; 
for  ID  the  rhombic  dodecaedron,  the  faces  of  the  pyramid  are  all 
equal,  and  JDclined  on  the  faces  of  the  cube  at  the  same  angle ;  but 
in  the  pent^onal  dodecaedron,  the  faces  of  the  pyramids  are  only 
equal  and  similar  in  pairs  a  to  a'  and  (  to  y,  and  they  are  inclined 
15  16  17 


on  the  planes  of  the  cube  at  different  angles.  These  angles  have  been 
measured  by  instruments  called  goniometers,  and  calculations  have 
been  made  for  determining  the  mode  of  aggregation  of  particles  of  the 
same  shape  necessarytoproduce  these  different  forms;  and  it  has  been 
ascertained,  by  these  means,  that  the  pyramids  of  the  rhombic  dode- 
caedron must  be  composed  of  layers  or  molecules  placed  in  regular 
order,  each  layer  being  of  the  thickness  of  one  molecule,  and  each 
successive  layer  diminishing  regularly  by  the  breadth  of  one  mole- 
cule on  each  side ;  but  that  in  the  case  of  the  pentagonal  dodeca- 
edron, the  layers  of  its  pyramids  must  be  of  the  thickness  of  two 
molecules,  and  must  diminish  in  breadth  unequally  on  the  two 
sides';  that  is  to|say,on  the  ^g 

side  of  the  quadrangular 
plane  they  must  diminish 
two  molecules  in  breadth 
for  one  of  height,  and  of 
the'side  of  the  triangular 
plane  they  must  diminish 
one  molecule  in  breadth  for 
two  of  height,  as  shown  in 
fig.  18.  The  Abb^Haiiy 
investigated  in  like  man- 
ner the  angles  under  which 
the  secondary  planes  would 
meet,  arising  from  gradual 
iaavoaat  in  the  dimen- 
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sions  of  successive  layers  of  crystalline  matter  deposited  on  the  other 
geometrical  solids  as  the  primary  nucleus.  He  may  be  considered 
as  the  founder  of  crystallography.  Guided  by  the  accidental  fracture 
of  a  crystal  of  calcareous  spar,  he  discovered  that  all  crystals  have 
a  primary  form,  which  may  be  extracted  from  them  by  mechanical 
division.  He  calculated  the  modifications  of  which  those  primary 
forms  are  susceptible,  and  determined  the  combinations  of  integrant 
molecules  necessary  to  produce  different  forms  of  crystal  with  mole- 
cules of  the  same  shape,  and  to  produce  like  forms  with  mole- 
cules of  different  shapes;  and  in  all  cases  it  has  been  found,  that  the 
results  obtained  by  measurement  of  the  angles,  and  by  calculation, 
mutually  confirm  each  other. 

On  these  grounds  it  is  inferred,  that  regularity  of  external  form 
arises  from  regularity  of  internal  structure,  dependent  on  the 
combination,  under  definite  laws,  of  minute  ultimate  particles  of 
determinate  shapes. 

Crystalline  form  and  structure  are,  therefore,  of  too  much  im- 
portance to  be  passed  over  wholly  unnoticed,  in  an  account  of  the 
external  characters  of  minerals,  and  it  has  been  impossible  to  give 
even  the  above  imperfect  outline,  without  entering  into  considerable 
detail.  At  the  same  time  it  must  be  acknowledged,  that  crystallo- 
graphy must  be  considered  as  affording  a  field  for  refined  and  curious 
research,  rather  than  as  furnishing,  to  any  but  experienced  mineral- 
ogists, available  practical  rules  for  discriminating  minerals.  In 
calcareous  spar,  and  some  other  substances,  the  ease  with  which 
they  may  be  reduced  to  the  primary  form  renders  it  a  good  distinct- 
ive character;  and  a  knowledge  of  the  crystalline  forms  in  which 
certain  minerals  are  most  commonly  found,  will  often  assist  in 
identifying  a  mineral  with  which  we  are  unacquainted,  when  it  is 
rendered  ambiguous  by  the  possession  of  several  external  characters 
in  common  with  other  minerals;  but,  in  general,  before  the  student 
can  be  able  to  obtain  much  information  by  cleaving  crystals  into 
their  primary  forms,  and  measuring  their  angles,  he  will  have 
learned,  by  other  means,  the  names  and  composition  of  most,  if  not 
all,  the  minerals  which  are  of  much  importance  to  the  geologist. 
The  beginner,  therefore^  whose  object  is  to  discover  the  names  of 
minerals  of  which  he  is  ignorant,  and  the  working  geologist,  who 
most  commonly  meets  with  them  massive,  or  only  irregul^ly  crys- 
tallized, must  have  recourse  to  a  combination  of  characters  more 
obvious,  though  individually  less  definite,  than  the  measurement  of 
the  angles  of  crystals. 

The  discovery,  by  Professor  Mitscherlich,  of  what  is  called  the 
isomorphism  of  crystals,  diminishes  in  some  degree  the  value  of 
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crystalline  form  as  a  distinctive  character,  since  he  has  found  that 
certain  bodies  may  be  substituted  for  each  other  in  combination, 
without  affecting  the  form  of  the  crystals.  Phosphate  and  biphos- 
phate  of  soda  crystallize  in  the  same  forms  as  the  arseniate  and 
binarseniate  of  the  same  alkali;  and  each  arseniate  has  a  correspond- 
ing phosphate,  possessed  of  the  same  form,  and  containing  the  same 
equivalents  of  water,  acid,  and  alkali.  Hence,  those  bodies  which 
crystallize  in  the  same  forms  have  been  arranged  in  groups,  called 
isomorphous  groups.  The  salts  of  arsenious  acid  are  isomorphoui 
with  those  of  phosphoric  acid;  oxide  of  lead,  baryta,  and  strontia, 
afford,  in  combination  with  the  same  acid,  isomorphous  salts;  and 
the  salts  of  lime,  magnesia,  protoxide  of  manganese,  iron,  cobalt, 
oxide  of  zinc,  and  oxide  of  copper,  are  all  isomorphous. 

We  will  now  explain  the  terms  applied  by  mineralogists  to 
crystals  when  aggregated  in  groups,  and  then  proceed  to  consider 
the  remaining  external  characters. 

Crystals  are  said  to  be  fascieulated^  when  they  occur  aggregated 
in  small  bundles.     From  fateU^  Latin,  a  bundle. 

Seopifarm^  is  a  term  applied  to  a  number  of  minute  crystals  or 
fibres  closely  aggregated  into  a  bundle,  and  diverging  slightly  from  a 
common  centre.     From  the  Latin  §eopa^  a  broom. 

Stellated.  Minerals  are  said  to  be  stellated,  when  their  crystals 
er  fibres  diverge  all  round  a  conmoon  centre.    From  the  Latin  stelloj 


Dnuy.  Minerals  are  said  to  be  dmsy,  when  their  surface  is 
oompoeed  fdrerj  small  and  prominent  crystals,  nearly  equal  to  each 
other  in  size.    The  name  is  derived  from  the  German. 

Inmettiny.  This  term  is  apfdied  to  a  mineral  which  coats  or 
covers  another. 

Fbactubb.  We  have  diown  that  most  minerals  split  more 
easily  in  certain  directions  than  tn  otbem,  and  that  they  may  tbns 
be  reduced  in  the  direction  of  natond  joints  into  fignres,  bounded  by 
planes  of  a  smooth  shining  surfaee,  and  a  determinate  sfaj^pc.  This 
is  their  cleavage.  The  surface  produced  Yry  hmkm^  them  in 
directioDs  conirary  to  these  natural  jcs nts,  meaUti  thefnusture;  Mad 
its  i^ipearance,  which  is  dependent  on  the  composition  of  a  mineral, 
forms  in  most  cases  a  good  distinctive  character. 

The  sorfiwe  of  a  fractofe  is  ssid  to  be  e^mtfo^  whm  no  parties- 
hr  or  difft^*^  parts  are  diseemiUe.  It  is  the  most  coomioii  ^imA 
of  firaciufe,  and  is  divided  into  tfiiwUry^  e€€m^  omcimdal^ 
earthy t  and  iadtfy. 

'Bam  smfiwa  is  BgiiMery^  when  dcstitote  id  any 
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elevations,  but  small  splinters,  or  scales,  are  discernible,  thickest  at 
the  end  by  which  they  adhere,  and  terminating  at  the  other  in  an 
edge.  This  kind  of  fracture  occurs  in  hornstone,  many  varieties  of 
quartz,  and  some  sorts  of  limestone. 

Even  is  that  kind  of  fractured  surface  which  is  nearly  flat,  and 
destitute  of  elevations,  such  as  occur  being  indeterminate  in  shape, 
and  flat.     It  passes  into  splintery  and  conchoidal. 

Conchoidal  surfaces  consist  of  round  elevations  and  depressions, 
accompanied  sometimes  by  circular  wrinkles,  having  something  of 
the  appearance  of  a  shell.  It  is  divided  into  the  perfect  and  imper- 
fect^ flat  and  deep^  large  and  smaU^  conchoidal.  The  best  examples 
of  this  kind  of  fracture  occur  in  the  most  pellucid  kinds  of  quartz, 
in  opal,  flint,  obsidian,  and  cannel-coal. 

Uneven.  The  surface  of  this  kind  of  fracture  is  completely 
broken,  and  interrupted  by  irregular  and  rather  large  angular  eleva- 
tions and  depressions.  It  is  met  with  in  the  gray  and  yellow  sul- 
phurets  of  copper,  and  many  other  minerals. 

Earthy,  The  surface  of  the  earthy  fracture  is  composed  entirely 
of  small  rough  elevations.  It  is  most  common  in  indurated  cla}', 
chalk,  and  the  earthy  minerals. 

Hackly,  In  this  kind  of  fracture  sharp-pointed  parts  protrude 
from  the  internal  surface.  It  is  peculiar  to  the  malleable  metals. 
The  fracture  of  metallic  copper  is  a  good  example. 

Sometimes  the  fracture  presents  the  appearance  of  an  aggregation 
of  fibres,  which  are  frequently  the  result  of  imperfect  crystallization, 
and  are  either  coarse^  larye^  small^  fine^  or  delicate^  curved^  straiyhtj 
parallel,  diioerging,  or  protniscuoue. 

The  diverging  fibrous  fracture  is  divided  into  Stellated  and  Sco- 
piform^  the  meaning  of  which  has  been  already  explained. 

The  fibres  are  Promiscuous,  when  they  intersect  each  other  in 
various  directions.  We  have  examples  of  this  structure  in  alabaster 
and  red  haematite;  of  the  stelliform  fibrous,  in  some  kinds  of  hsema- 
tite  and  fibrous  zeolite;  of  the  scopiform,  in  fibrous  malachite;  and 
of  the  promiscuous,  in  gray  antimony. 

The  fracture  is  said  to  be  Striated^  when  it  is  marked  by  narrow 
grooves  or  channels.  Examples  occur  in  some  kinds  of  sulphuret 
of  iron,  in  actynolite,  and  hornblende.  The  striated,  like  the  fibrous 
structure,  is  parallel,  stellated,  scopiform,  and  promiscuous. 

Foliated,  or  Lamellar,  is  a  term  applied  to  the  fracture  of  those 
minerals,  that  are  composed  of  thin  leaves  or  plates  laid  upon  one 
another.     Mica,  talc,  and  micaceous  iron,  are  instances  of  it. 

Slaty.  Uncrystallized  minerals  that  split  only  in  one  direction, 
afibrdmg   fragments  that  have  parallel  sides,  but  are  of  unequal 
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thickness,  not  smooth,  and  destitute  of  lustre,  are  said  to  possess  a 
slaty  fracture. 

Hardness.  Minerals  are  found  under  every  degree  of  hardness, 
from  that  of  the  diamond,  the  hardest  of  known  substances,  down 
to  the  fluid  state  of  mercury  and  naphtha.  The  different  degrees  of 
hardness  in  minerals  are  estimated  by  their  scratching  or  not  scratch- 
ing one  another  or  glass,  and  by  their  yielding  or  not  yielding  to  the 
file,  the  knife,  and  the  nail.  Calcareous  spar  will  scratch  selenite  (or 
crystallized  gypsum);  fluor-spar  will  scratch  calcareous  spar;  felspar 
will  scratch  fluor-spar,  calcareous  spar,  and  selenite;  and  fluor-spar 
will  not  scratch  glass,  which  receives  an  impression  from  quartz  and 
felspar.  Several  of  the  gems  again  scratch  quartz,  and  among  them 
different  degrees  of  hardness  exist,  determined  by  their  making  or 
not  making  an  impression  on  one  another.  The  giving  of  sparks 
with  steel  is  sometimes  considered  a  test  of  hardness;  but  it  is  by 
no  means  a  good  criterion,  for  flint  gives  more  numerous  and 
brilliant  sparks  than  many  substances  which  are  much  harder. 
Minerals  are  said  to  be 

Extremely  hard^  on  which  the  file  makes  no  impression. 

Very  hardy  if  they  receive  a  weak  impression  from  the  file, — such 
are  quartz,  flint,  and  topaz. 

Hardy  if  they  receive  a  considerable  impression  from  the  file,  but 
cannot  be  scraped  by  the  knife, — such  as  felspar  and  schorl. 

Half-hard  minerals  yield  to  the  knife,  as  calcareous  spar,  lime- 
stone, fluor-spar,  and  many  others.  By  yielding  to  the  knife  is  not 
meant  a  capability  of  being  divided  along  natural  joints,  so  as  to 
produce  smooth  and  shining  surfaces;  but  the  receiving  of  an 
impression  when  scratched  or  scraped  in  directions  contrary  to  those 
joints. 

Soft  minerals  may  be  easily  scraped  with  the  knife,  but  receive 
no  impression  from  the  nail.  Such  are,  sulphate  of  baryta,  mica, 
asbestos,  and  amber. 

Very  soft  minerals  are  those  which  yield  to  the  nail,  as  gypsum, 
chalk,  and  chlorite. 

Sectile  minerals  are  those  which  may  be  cut  into  slices  with  a 
knife^  the  new  surface  thus  produced  being  smooth  and  shining. 
Examples  occur  in  plumbago  and  soapstone. 

Franoibilitt.  This  is  a  property  distinct  from  hardness,  for 
flint,  which  is  much  harder  than  hornblende,  is  much  more  brittle. 
Different  degrees  of  frangibility  may  be  observed,  from  hard  to  tough 
and  malleabl®.    The  integrant  particles  of  brittle  minerals  are,  in 
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the  highest  degree,  coherent  or  immoveable  among  themselves;  thej 
are  distinguished  by  the  ease  with  which  they  are  converted  into 
fragments  by  a  blow,  and  by  the  fine  dust  which  arises  from  them 
on  the  powerful  application  of  a  knife.  All  hard,  many  half-hard, 
and  some  soft,  minerals  are  brittle.  Tough  materials  are  bruised 
and  suffer  depression  from  a  blow,  and  are  with  difficulty  reduced 
to  fragments.  Hornblende,  basalt,  and,  in  general,  all  minerals 
containing  hornblende  or  augite,  are  remarkable  for  their  toughness. 
Malleability  is  the  property  of  suffering  extension  when  beaten  with 
a  hammer,  and  is  confined  to  those  minerals  possessing  a  metallic 
lustre. 

Transparency.  This  character  varies  considerably  in  the  same 
substance,  and  even  in  different  parts  of  the  same  specimen.  A 
mineral  is  said  to  be  transparent^  when  objects  may  be  distinctly 
seen  through  it;  semi-transparent^  when  they  cannot  be  seen  through 
large,  but  only  through  small  pieces,  and  then  but  indistinctly. 
The  difference  between  transparent  and  translucent  minerals  is  best 
seen  by  laying  them  on  printed  paper,  and  observing  the  distinctness 
of  the  letters  seen  through  them.  When  an  object  is  not  visible 
through  a  mineral,  and  in  the  mass  it  is  quite  impervious  to  light, 
we  shall  yet  sometimes  find,  on  holding  it  between  the  light  and 
the  eye,  that  it  is  translucent  at  the  edges.  When  this  is  not  the 
case,  it  is  described  as  opaque. 

Lustre.  Lustre  is  the  relation  which  a  fossil  bears  to  the  re- 
flection of  light,  occasioned  partly  by  the  smoothness  of  the  surface 
or  of  the  aggregated  particles  of  which  the  surface  consists,  and 
partly  by  its  density.  Many  minerals  possess  both  external  and 
internal  lustre,  of  which  the  last  is  the  most  constant  and  the  most 
important  as  a  characteristic.  With  respect  to  intensity  of  lustre, 
the  following  different  degrees  may  be  established. 

The  Resplendent  lustre.  A  mineral  which  exhibits,  even  at  a 
distance,  a  dazzling  lustre,  is  said  to  be  resplendent,  as  native 
mercury,  and  the  external  surface  and  fracture  of  rock-crystal  and 
sulphuret  of  lead. 

Shining.  A  mineral  is  said  to  be  shining,  when  its  lustre, 
though  perceptible  at  a  distance,  is  not  so  distinctly  observed  as  on 
a  nearer  approach;  such  are  sulphate  of  baryta,  most  calcareous 
spar,  and  pitchstone. 

Weakly-Shining.  This  degree  of  lustre  is  perceptible  only  at  a 
short  distance,  and  even  then  appears  rather  feeble ;  it  is  seen  in 
gray  copper,  sulphuret  of  iron,  most  kinds  of  quartz,  and  garnet. 
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Glimmering.  A  mineral  is  said  to  have  this  kind  of  lustre, 
when  only  some  of  the  minute  aggregated  parts  of  a  fossil  reflect 
light;  such  are  glimmering  earthy  talc,  compact  sulphuret  of  lead, 
and  haematites. 

Dull.  A  mineral,  whose  surface  is  wholly  destitute  of  lustre,  is 
termed  dull.  Homstone,  chalk,  marl,  and  most  earthy  minerals, 
may  serve  as  examples. 

The  difierent  kinds  of  lustre,  arising  from  the  different  degrees 
of  density,  are  the — 

Vitreous^  or  Glassy  lustre,  resembling  that  of  the  fracture  of 
glass.  This  is  seen  in  common  quartz,  rock-crystal,  calcareous  spar 
and  fluor-spar. 

The  Waxy  or  Greasy  lustre  resembles  that  of  wax.  Chloride  of 
silver  (or  horn-silver)  and  opal  are  examples  of  it. 

The  Resinous  lustre  resembles  that  of  the  fracture  of  gums  or 
resins;  jet,  amber,  and  cannel-coal,  exhibit  this  kind  of  lustre. 

The  Pearly  lustre  resembles  that  of  mother-of-pearl;  it  exists 
but  rarely  except  in  minerals  that  have  a  lamellar  structure. 
Zeolite  and  adularia  aflbrd  examples  of  it. 

The  Silky  lustre  is  peculiar  to  minerals  having  a  fibrous  struc- 
ture, as  in  satin-spar  and  malachite.  It  is  often  accompanied  by  a 
changeable  play  of  light  called  by  the  French  chatoyant;  of  which 
the  catVeye  and  Labrador  felspar  furnish  such  beautiful  examples. 

The  Adamantine  lustre  is  that  of  the  diamond  and  corundum. 

The  Metallic  lustre  is  seen  in  the  metals  in  their  metallic  state, 
as  in  native  mercury,  native  gold,  and  on  the  polished  surfaces  of 
copper,  silver,  and  steel. 

The  Semi-Metallic  lustre  is  intermediate  between  the  metallic 
and  the  vitreous ;  mica,  and  sometimes  common  coal,  exhibit  it. 

The  Pseudo-Metallic  lustre  is  a  species  of  metallic  lustre  pecu- 
liar to  a  few  minerals,  and  perceptible  only  when  held  in  particular 
directions,  as  in  hypersthene  and  bronzite. 

Colour.  Colour  is  not  of  much  importance  as  a  distinctive 
character,  since  there  are  very  few  earthy  minerals  in  which  it  is 
at  all  characteristic,  the  same  mineral  frequently  occurring  under 
every  variety  of  shade,  of  a  great  many  different  colours.  The 
earths,  in  their  pure  state,  are  nearly  white ;  and  the  varieties  of 
colour  met  with  in  their  combinations  arise  from  the  presence  of 
small  portions  of  different  metallic  oxides  as  accidental  ingredients. 
In  some  of  the  metalliferous  ores,  however,  the  internal  colour  is 
less  variable,  and  sometimes  becomes  a  good  characteristic. 
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Flexibilitt  and  Elasticitt.  These  are  properties  confined  to 
a  few  minerals,  of  which  they  are  therefore  highly  characteristic. 
A  mineral  is  said  to  be  flexible^  which,  on  being  bent,  does  not 
recover  its  former  shape.  If  it  returns  to  its  original  shape  after 
being  bent,  it  is  said  to  be  elastic.  Mica  and  talc  are  thus  dis- 
tinguished from  each  other,  mica  being  elastic,  talc  merely  flexible. 

Double  Refraction.  Several  crystallized  minerals,  but  more 
particularly  a  very  pellucid  variety  of  calcareous  spar,  possess  the 
property  of  doubling  the  image  of  objects  seen  through  them  in 
certain  directions.  This  arises  from  the  ray  of  light,  by  which  the 
object  is  seen,  being  split  in  its  passage  through  the  crystal  into 
two,  which  make  a  certain  angle  with  each  other,  and  this  effect 
is  probably  produced  by  the  form  of  the  component  particles  of  the 
crystal.  Double  refraction  may  be  considered  rather  as  a  curious 
property  of  those  minerals  that  possess  it,  than  as  a  distinctive, 
character.  So  far  from  being  characteristic  of  calcareous  spar,  in 
which  it  is  found  in  the  greatest  perfection,  it  is  confined  to  one 
variety  of  that  mineral,  called  Iceland  spar,  and  sometimes  doubly- 
refracting  spar. 

Touch.  This  is  a  good  distinctive  character  in  a  few  minerals. 
Some,  when  handled,  feel  smooth  or  unctuous,  others  dry  and 
meagre.  Fullers'*  earth,  steatite,  talc,  and  plumbago,  may  be  cited 
as  examples  of  the  unctuous,  chalk  and  gypsum  of  the  meagre  feel. 

Taste.  This  is  confined  to  the  saline  minerals,  which  are 
soluble  in  water,  many  of  which  are  distinguishable  by  their  pecu- 
liar tastes. 

Odour.  This  is  by  no  means  a  general  character,  being  found 
in  not  more  than  about  twelve  kinds  of  minerals ;  but  of  those  it 
is  very  essential  as  a  characteristic.  There  is  the  bituminous  odour, 
in  mineral  pitch  and  naphtha,  and  the  sulphureous  in  native  sul- 
phur and  sulphuret  of  antimony,  which  they  give  out  of  themselves. 
Others  exhale  peculiar  odours  on  being  breathed  on  or  rubbed. 
We  have  already  spoken  of  the  argillaceous  odour  given  out  by 
minerals  containing  alumina,  when  breathed  on,  and  of  the  fetid 
odour  of  swinestone  when  rubbed,  arising  from  the  presence  of  sul- 
phuretted hydrogen ;  other  minerals,  when  rubbed,  give  out  the 
sulphureous  odour,  as  iron  pyrites,  and  the  alliaceous^  or  odour  of 
garlic,  as  arsenical  pyrites  and  white  arsenical  cobalt,  or  the  empy^ 
reumatic  odour,  as  coal  and  quartz. 
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Streak,  or  Powder.  When  a  mineral  is  scratched  with  a  knife, 
it  yields  a  powder  sometimes  of  the  same  colour  as  itself,  sometimes 
different.  This  is  called  the  colour  of  the  streak,  and  is  in  many 
cases  a  good  distinctive  character,  particularly  of  some  of  the  me- 
tallic minerals,  which  in  other  respects  possess  considerable  resem- 
blance to  one  another.  Specular  iron,  and  miraceous  iron,  give  a 
streak  of  a  crimson  red;  black  slate  a  gray,  and  hornblende  a 
greenish-gray  streak. 

Stain.  By  the  stain  is  meant  the  colour  left  upon  paper  by 
drawing  a  mineral  along  its  surface.  Thus  the  stain  left  upon 
paper  by  plumbago  is  lead-coloured,  that  of  red  ochre  and  red  scaly 
iron-ore  red. 

Adhesion  to  the  Tongue.  This  property  arises  from  the  affinity 
of  the  mineral  for  moisture,  and  is  very  characteristic  of  the  few 
that  possess  it.     Lithomarge  and  chalk  are  examples. 

Magnetism.  This  character  is  confined  to  the  metals  iron, 
nickel,  and  cobalt,  particularly  the  first,  the  ores  of  which  differ 
considerably  in  their  powers  of  attraction,  some  attracting  iron- 
filings,  others  only  affecting  a  magnetized  needle ;  some  attract  both 
its  poles,  others  attract  one  pole  and  repel  the  other,  and  are  then 
said  to  be  magnetic  with  polarity.  Most  varieties  of  sulphuret  of 
iron  become  magnetic  after  having  been  roasted  to  drive  off  the 
sulphur,  but  one  kind,  thence  called  magnetic  pyrites,  affects  the 
needle  in  its  natural  state. 

ELEcrRiorrr.  This,  like  double  refraction,  must  be  considered 
rather  as  a  curious  property  of  the  minerals  in  which  it  is  found, 
than  as  a  distinctive  character  of  much  importance.  Some  minerals, 
more  particularly  the  tourmaline,  acquire  electric  properties  on  being 
heated,  the  existence  of  which  is  ascertained  by  means  of  an  instru- 
ment called  an   electrometer.     This  consists  19 

of  a  light  brass  needle,  a  i,  (fig.  1 9,)  having       o-^ ^    .     o 

a  brass  ball  at  either  end,  and  traversing 
easily  on  a  pivot  in  the  centre  of  the  support 
c  (which  may  also  serve  as  a  support  to  the 
magnetic  needle) ;  (2  is  a  plate  of  glass,  by 
means  of  which  the  instrument  is  insulated, 
glass  being  a  non-conductor  of  electricity. 

There  are  two  kinds  of  electricity,  positive  and  negative.  The 
first  is  produced  by  exciting  smooth  glass  by  friction,  the  latter  by 
exciting  sealing-wax  or  resins.  When  two  substances  possess  the 
same  kind  of  electricity,  whether  positive  or  negative,  they  repel 
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each  other;  but  when  they  are  in  difierent  states  of  eleotricity,  they 
attract  each  other.  In  order  to  ascertain  the  kind  of  electricity 
possessed  by  a  mineral,  we  most  first  bring  the  electrometer  into  a 
known  state  of  electricity.  This  may  be  done  in  the  following 
manner ;  a  stick  of  glass  being  excited,  we  place  a  finger  on  c,  the 
metallic  base  of  the  instrument,  and  then  bring  the  excited  glass 
near  one  of  the  balls  of  the  needle,  holding  it  there  for  a  few  seoonds 
until  the  instrument  is  sufficiently  electrified.  The  finger  is  first  to 
be  withdrawn,  and  then  the  glass  stick.  The  instrument  will  now 
have  acquired  negative  electricity,  and  should  the  excited  body  pre- 
sented to  it  be  positively  electrified,  it  will  attract  the  needle,  and 
repel  it  if  negatively  electrified.  On  heating  a  crystal  of  tourmaline, 
it  will  be  found  to  have  acquired  positive  electricity  at  one  end, 
and  negative  at  the  other. 

Phosphorbscbnce.  This  is  likewise  a  character  confined  to  a 
very  few  minerals,  nor  does  it  seem  essential  to  those  that  possess  it. 
It  is  best  exhibited  in  fluor-spar;  but  there  are  some  varieties  of 
that  mineral  which  are  not  phosphorescent.  Phosphorescence  may 
be  produced  either  by  heat,  as  in  fluor-spar,  or  by  friction,  as  in 
some  varieties  of  blende,  and  in  quartz.  The  best  mode  of  exhibit- 
ing phosphorescence  by  heat  is  by  reducing  the  mineral  to  powder, 
and  sprinkling  the  powder  on  a  shovel  made  nearly  red-hot. 

Specific  GRAvmr.  This  is  a  very  important  character  which  is 
of  itself  sufficient  to  distinguish  difierent  substances  bearing  in  other 
respects  a  close  resemblance  to  each  other.  Equal  bulks  of  difierent 
bodies  differ  in  weight ;  they  are  of  different  densities,  or  contain 
different  quantities  of  ponderable  matter  in  the  same  space ;  and  by 
specific  gravity  is  meant  the  weight  of  a  given  bulk  of  any  body, 
compared  with  an  equal  bulk  of  another  body.  If  a  cubic  foot  of 
water  weigh  1000  ounces,  a  cubic  foot  of  iron  7000  ounces,  and  a 
cubic  foot  of  stone  3500  ounces,  the  iron  will  be  just  twice  the 
specific  gravity  of  the  stone,  and  the  specific  gravities  of  these  two 
bodies  are  to  that  of  water  in  the  ratio  of  7  to  1  and  S^  (or  3*5)  to  1. 

The  weight  of  distilled  water  (a  cubic  foot  of  which,  at  the  tem- 
perature of  40^  Fahrenheit,  weighs  1000  ounces,)  has,  for  conve- 
nience, been  assumed  as  the  standard  of  comparison ;  and  by  com- 
paring the  weight  of  given  bulks  of  different  bodies  with  the  weight 
of  an  equal  bulk  of  water,  considered  as  unity,  we  obtain  a  series  of 
numbers  representing  their  comparative  density,  or  specific  gravity. 

The  specific  gravity  of  such  bodies  as  are  lighter  than  water,  are 
expressed  in  decimals,  and  that  of  bodies  heavier  than  water  by 
integers  and  decimals ;  thus,  in  the  example  above  given,  a  block 
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of  stone  weighing  3500  ounces  to  the  cubio  foot,  would  be  S^  times 
heavier  than  water,  and  its  specific  gravity  would  be  expressed  by 
the  decimal  3*500,  or  its  equivalent  decimal,  3*5. 

If  a  body  be  weighed  in  air,  in  the  common  manner,  and  then 
being  suspended  by  fine  thread  or  hair  to  one  end  of  a  scale-beam, 
be  weighed  immersed  in  water,  it  will  appear  to  have  lost  part  of 
its  weight.  This  loss  arises  from  the  support  which  the  body 
receives  from  the  upward  pressure  of  the  water,  (fluids  pressing 
equally  in  all  directions,)  and  it  is  equal  to  the  weight  of  a  quantity 
of  water  of  the  same  bulk  as  the  body  immersed.  The  weight  of  a 
body  in  air  is  called  its  absolute  weight,  and  its  loss,  when  weighed 
in  water,  gives  the  absolute  weight  of  an  equal  bulk  of  water. 
Here,  then,  are  the  absolute  weights  of  two  bodies  of  equal  bulk ; 
and  the  proportion  which  these  bear  to  one  another,  taking  the 
weight  of  water  as  unity,  is  the  proportion  of  their  specific  gravities. 

To  find^  Aerefore^  the  spedfie  pravity  of  a  body  heavier  than 
watery  weigh  it  both  in  water,  and  out  of  water.     Then  say, 

As  the  loss  of  weight  in  water 

Is  to  the  absolute  weight. 

So  is  the  specific  gravity  of  water 

To  the  specific  gravity  of  the  body. 

Thus,  if  a  piece  of  stone  weigh  10  lbs.  in  air,  but  in  water  only 
6|lbs.,  then  10-6*75^3*25,  the  weight  lost  in  water,  and 
3*26  :  10 : :  1 :  3*077,  the  specific  gravity  of  the  stone. 

To  find  the  tpecifie  gravity  of  a  body  lighter  than  water ^  annex 
to  it  a  piece  of  some  other  body  heavier  than  water,  so  that  the 
mass  compounded  of  the  two  may  sink:  weigh  the  denser  body 
and  the  compound  mass  separately,  both  in  water  and  out  of  it. 
Then  find  how  much  each  loses  in  water,  by  subtracting  its  weight 
in  water  from  its  weight  in  air,  and  subtract  the  less  of  these 
remainders  from  the  greater.    Then  say. 

As  the  last  remainder 

Is  to  the  weight  of  the  light  body  in  air. 

So  is  the  specific  gravity  of  water 

To  the  specific  gravity  of  the  body. 

If,  for  example,  a  piece  of  wood  weigh  15  lbs.  in  air,  and  a 

piece  of  copper  afliixed  to  it  to  make  it  sink,  weigh  18  lbs.  in  air, 

and  16  lbs.  in  water,  the  compound  mass  weighing  6  lbs  in  water, 

then 

18  —  16  s=  2  weight  lost  by  the  copper  in  water, 

15  +  18—  6=  27  weight  lost  by  the  compound  mass  in  water. 

27  -  2  =  25, 

and  25  :  15  ::  1  :  '6,  the  specific  gravity  of  the  wood. 
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To  find  Ae  $pecific  granty  of  arty  nrt  of  fiuid,  wd^  a  piece  of 
any  substance  <A  knonti  specific  f^vity,  both  in  the  fluid  and  out 
of  it,  and  find  the  loss  of  weight  by  taking  the  difference  of  the  two. 
Then  say, 

As  tile  absolute  weight 

Is  to  the  loss  of  weight, 

So  is  the  specific  gravity  of  the  solid 

To  the  specific  gravity  of  the  fluid. 

A  piece  of  cast-iron,  for  example,  weighed  34'61  ounces  in  a 
fluid,  and  40  oancea  out  of  it.  What  was  the  speoifio  gravity  of 
fluid! 

40  -  34-61  =  5'S9,  weight  lost  by  the  iron  in  the  fluid. 

Then  5*39  :  40  ::  1  :  7*422,  specific  gravity  of  the  iroo,  and 
40  :  5-39  ::  7422  :  1,  the  specific  gravity  of  the  fluid. 

The  specific  gravity  of  solids  and  fluids  may  also  be  taken  by 
means  of  a  small  bottle,  called  a  specific-gravity'bottle,  of  known 
weight,  and  capable  of  containing  a  known  weight  of  water.  With 
this,  the  specific  gra^-ity  of  a  fluid  may  be  found  merely  by  filling 
the  bottle,  and  weighing  it ;  that  of  a  solid  may  be  found  by  filling 
the  bottle  with  water,  and  tben  putting  in  a  known  weight  of  the 
solid  in  fragments,  which  will  of  course  displace  an  equal  bulk  of 
water,  the  weight  of  which  is  to  be  ascertained  by  weighing  the 
bottle  after  having  wiped  its  outer  surface  quite  dry. 

Different  specimens  of  the  same  kind  of  mineral  ^-ary  a  little  in 
specific  gravity,  from  the  accidental  mixture  of  foreign  ingredients, 
or  from  their  component  parts  being  more  or  less  intimately  com- 
bined. Crystals,  which  are  the  most  pure  form  of  a  mineral,  exhibit 
the  least  difference  in  this  respect,  and  those  that  are  massive  the 
greatest,  particularly  the  ores  of  metals ;  but  a  sort  of  standard  may 
be  eatabliahed  for  each  kind  of  mineral  by  taking  the  mean  of  a 
number  of  specimens  of  as  great  purity  as  can  be  procured,  and 
L  specific  gravity  b  of  considerable  value  as  a  distinctive 
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Chemical  characters  of  minerals. — The  blotc-pipe^  and  blow-pipe  appa- 
ratus — mode  of  using  them, — Qualitative  analysis. — Mods  of 
proceeding  to  discover  by  chemical  tests  the  electro-nega^tive  portion 
of  a  mineral — its  electro-positive  portion  or  base. 

One  of  the  greatest  difficulties, to  be  encountered  by  the  student  in 
discovering  the  name  of  a  mineral  by  means  of  the  external  charac- 
ters, arises  from  the  classification  usually  adopted  in  systems  of 
mineralogy,  being  founded,  not  on  those  characters,  but  on  the  com- 
position of  minerals  as  deduced  from  analysis.  This  is,  without 
doubt,  the  most  scientific  mode  of  classification ;  but  at  the  same 
time  it  ought  to  be  accompanied  by  an  artificial  division  into  classes, 
orders,  and  genera,  founded  on  the  external,  or  the  pyrognostio 
characters,  or  on  a  combination  of  the  two,  in  order  to  enable  a 
person  unacquainted  with  the  name  and  composition  of  a  mineral, 
to  ascertain  in  what  part  of  the  scientific  system  to  look  for  a 
description  of  it. 

In  the  absence  of  assistance  from  such  an  artificial  arrangement, 
serving  as  an  index  to  the  philosophical  system,  the  student^s  only 
resource,  after  observing  and  noting  down  the  external  characters  of 
the  specimen,  the  name  of  which  he  wishes  to  discover,  is  to  wade 
through  the  volume  which  he  consults,  until  he  find  a  species  of 
mineral  agreeing  with  his  own  description  of  the  specimen  under 
examination.  The  only  work  known  to  us  in  which  the  external 
characters  are  made  the  basis  of  any  such  artificial  classification,  is 
Bakewkll^s  Introduction  to  Mineralogy^  in  which  a  tabular  view  is 
given  of  the  most  important  earthy  minerals,  grouped  according  to 
their  hardness  and  specific  gravity.  Aikin^s  Manual^  a  work  now 
out  of  print,  contains,  in  like  manner,  a  table  of  their  pyrognostio 
characters,  or  habitudes  before  the  blow-pipe;  and  in  Oripfin''s 
Treatise  on  the  Use  of  the  Blow-pipe^  these  two  modes  of  classification 
are  combined  in  a  system  founded  on  the  most  important  physical 
and  chemical  characters.  This  is  a  cheap  and  useful  little  work, 
which,  as  a  companion  to  the  blow-pipe,  ought  to  be  in  the  hands 
of  every  one  desirous  of  acquiring  a  knowledge  of  mineralogy. 
Under  its  guidance,  we  mastered  the  use  of  the  blow-pipe,  without 
the  aid  of  other  instruction,  and  made,  in  a  short  time,  more  pro- 
gress in  identifying  minerals  than  we  had  made  in  years  while 
relying  on  other  sources  of  information ;  and  we  have  no  hesitation 
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in  declaring  that  with  this  little  volume  before  him,  and  the  blow- 
pipe in  his  hand,  the  student  possessed  of  only  moderate  perse- 
verance, will  have  no  difficulty  in  satisfying  himself  of  the  name  of 
any  mineral  which  he  may  meet  with. 

In  that  work  will  be  found  a  history  of  the  application  of  the 
blow-pipe  to  chemical  investigations,  together  with  minute  direc- 
tions for  manipulation.  Our  limits  will  not  permit  us  to  enter  so 
much  into  detail;  neither  shall  we  discuss  tJie  relative  merits  of 
Gahn's,  or  Tenant's,  or  WoUaston's  blow-pipe,  or  of  any  of  those 
other  modifications  of  the  form  of  the  common  instrument  which 
bear  the  names  of  the  philosophers  who  have  attempted  to  improve 
it.  One  reason  for  our  silence  on  this  point  is,  that  we  have  had  no 
experience  in  the  use  of  any  blow-pipes  except  the  common  instm- 
ment  used  by  working  jewellers,  and  that  called  Gronsted^s,  which 
has  a  bulb  near  its  smaller  end,  designed  to  obviate  the  inconve- 
niences arising  from  the  condensed  moisture  of  the  breath,  and  after 
a  few  trials,  we  gave  the  preference  to  the  common  instrument, 
which  we  have  since  exclusively  used*. 
<  The  student  should  be  provided  with  two  blow-pipes  of  the 

conmion  form  (fig.  20); 
one  with  a  very  fine 
orifice,  for  fusing  earthy 
minerals,  and  for  reduo- 
ing  ores  to  the  metallic  state ;  the  other  with  an  orifice  somewhat 
larger,  for  roasting  ores  and  oxidizing  metals  in  the  outer  flame. 
Besides  these,  the  following  apparatus  will  be  required  for  ascertain- 
ing the  chemical  characters  of  minerals,  either  by  the  dry  or  the 
humid  process ;  some  of  the  apparatus  being  used  in  the  one,  some 
in  the  other,  and  some  being  equally  useful  for  both. 

Fig.  21  is  a  pair  of  forceps,  of  brass,  tipped  with  platinum,  for 
holding  small  fragments  of  earthy  minerals  in  the  blow-pipe  flame. 

21  22 
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Another  pair  of  forceps  will  be  required,  having  at  the  extremity 
a  pair  of  cups  of  platinum,  (fig.  22,)  for  holding  minerals  which 
decrepitate  on  the  application  of  heat,  and  which  would  fly  about 
and  be  lost,  unless  confined  until  heated  to  redness,  when  decrepita- 
tion ceases.  As  a  substitute  for  these  latter  forceps,  a  small  piece  of 
platinum  foil  may  be  used,  in  which  the  mineral  can  be  folded  up,  and 

*  The  blow-pipe  known  by  the  name  of  Black's,  which  has  now  become  veiy 
oommoD,  and  ooets  from  1#.  M.  to  2«.  6d^  is  perhaps  a  preferable  instrument. 
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thus  preserved  during  decrepitation.  Platinum  foil,  cut  into' narrow 
strips  about  two  inches  long,  and  half  an  inch  broad,  is  also  useful 
for  supporting  some  minerals  when  treated  with  fluxes ;  platinum 
being  so  bad  a  conductor  of  heat,  that  one  extremity  of  a  piece  of 
foil,  of  the  size  above-mentioned,  may  be  held  in  the  fingers  without 
inconvenience,  while  the  other  end  is  heated  to  whiteness  in  the 
blow-pipe  flame. 

Platinum  wire,  cut  into  lengths  of  two  or  three  inches,  and  bent 
into  a  small  hook  at  one  end,  is  very  convenient  as  a  support  for  a 
mineral  to  be  heated  with  a  flux.  The  end  of  the  wire  is  to  be 
moistened  in  order  to  make  the  flux  adhere,  which  is  then  fused  into 
a  globule  with  which  the  cusay^  or  mineral  to  be  examined,  is  mixed 
by  bringing  it  into  contact  with  the  fused  globule  while  still  soft,  or 
by  moistening  its  surface  when  cold.  The  two  substances  are  then 
fused  together,  and  an  insulated  mass  is  thus  obtained,  which  is 
easily  examined,  and  which  may  be  detached  by  gently  tapping  the 
wire  while  hot.  Another  mode  of  operating,  is  by  mixing  the  flux 
in  a  small  mortar  with  the  mineral  previously  reduced  to  a  fine 
powder,  and  then  fusing  them  together.  This  wire  is  the  most 
convenient  support  in  those  cases  where  the  circumstances  to  be 
observed,  are  the  changes  of  colour  produced  by  fusion  with  borax, 
soda,  or  microcosmic  salt. 

Fig.  23  is  a  small  spoon,  the  bowl  of  which  is  of  platinum, 
having  a  short  shank  23 

of  the  same  metal      ^^,«i.    im.,^^ 

soldered  to  a  longer      ^^^^i^gigg^^^ssss^^ss^ssss^ 

shank  of  silver,  with 

a  wooden  handle.  This  is  a  support  for  earthy  minerals,  and  for 
such  ores  as  are  not  reducible  to  the  metallic  state  without  fluxes. 
It  is  more  easily  managed  by  beginners,  than  the  foil  or  the  wire ; 
but  as  these  abstract  less  of  the  heat  from  the  assay,  they  are  pre- 
ferred by  adepts  in  blow-pipe  manipulations.  To  them  the  chief 
use  of  the  spoon  is  for  fusing  a  mineral  with  soda,  though,  even  for 
that  purpose,  some  prefer  charcoal  as  a  support.  Minerals  in  the 
metallic  state,  or  which  are  reducible  to  the  metallic  state  without 
fluxes,  should  never  be  fused  on  supports  of  platinum,  as  they  form 
alloys  with  it.  Minerals  containing  sulphur  and  chlorine  likewise 
injure  the  platinum.  For  such  minerals,  charcoal  is  the  proper 
support.  The  best  kind  of  charcoal  is  that  made  from  the  wood  of 
the  alder.  It  should  be  straight,  and  free  from  knots,  and  should 
be  cut  with  a  fine-toothed  saw  into  strips  from  four  to  six  inches 
long.  A  small  hollow  is  to  be  made  at  one  end  of  the  charcoal 
witih  the  point  of  a  knife,  or  other  convenient  instrument,  and  in 
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this  hollow  the  assay  is  to  be  placed,  in  order  to  prevent  its  being 
carried  off  the  charcoal  by  the  blast ;  and  the  blow-pipe  flame  is  then 
to  be  directed  upon  it.  Charcoal  that  is  liable  to  crack  should  be 
gently  heated  before  the  assay  is  applied,  in  order  to  prevent  burning 
fragments  of  it  from  flying  about,  thus  endangering  the  eyes  of  the 
experimenter,  as  well  as  causing  the  loss  of  the  mineral  to  be 
operated  upon*. 

Charcoal  is  used  as  a  support  for  the  fusion  of  the  metallic 
oxides,  because  it  facilitates  their  reduction  by  the  abstraction  of 
oxygen  during  its  combustion.  It  is  likewise  used  as  a  support  for 
compounds  of  the  metals  with  sulphur,  arsenic,  and  chlorine.  Plates 
of  mica  are  sometimes  used  as  supports,  when,  in  roasting  ores, 
it  is  desirable  to  avoid  the  reducing  effects  of  the  charcoal. 

Glass  tubes  of  several  kinds  will  be  required  for  various  purposes, 
both  in  experiments  by  the  blow-pipe  and  by  the  humid  process. 

24  Fig.  24,  <?,  is  a 

tube  two  or  three 
inches  long,  one- 
eighth  of  an  inch 
in  diameter,  and 
open  at  each  end, 
for  the  purpose  of 
heating  minerals 
which  volatilize 
at  a  low  tempera- 
ture. The  assay 
is  placed  at  one  end,  and  heated  by  the  blow-pipe  flame,  when 
volatile  matter  not  permanently  gaseous  will  condense  in  the 
25  upper  part  of  the  tube;  but  a  tube  open  at  one  end,  and 
vi.;)  blown  into  a  bulb  at  the  other,  (fig.  25,)  is  more  commonly 
used  for  this  purpose,  as  well  as  for  heating  minerals  which 
decrepitate,  and  for  ascertaining  the  presence  of  water  in 
them.  In  this  form  it  is  called  a  matrass,  and  is  very 
useful  for  effecting  solutions  on  a  small  scale,  with  acids, 
when  the  application  of  heat  is  necessary. 
Supports  of  pipe-clay  are  sometimes  used  for  exhibiting  the 
colours  produced  by  the  fusion  of  borax  and  the  other  fluxes 
with  different  metals.  They  may  be  made  in  two  ways.  Either 
the  clay  may  be  beaten   out  into  very  thin  plates,  between  two 

*  Small  boxes,  fitted  up  with  blow-pipe  apparatus,  and  some  of  the  most 
useful  chemical  tests,  are  now  sold  at  a  cheap  rate  by  the  Messrs.  Griffin  of  Glas- 
gow, and  by  their  agents  in  most  of  the  large  towns  of  Great  Britain.  These  boxes 
are  furnished  with  charcoal,  sawn  into  small  pieces,  with  tin  holders,  in  which  to 
fix  them,  and  an  instrument  for  boring  a  neat  circulair  cavity  in  the  charcoal. 
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sheets  of  paper,  the  clay  and  paper  being  then  cut  together  into 
pieces  two  or  three  inches  long  and  a  quarter  of  an  inch  wide,  or 
small  bowls  or  cups  of  clay  may  be  prepared  in  the  following 
manner: — A  piece  of  brass,  one-twentieth  of  an  inch  thick,  is  to  be 
pierced  with  several  circular  holes,  not  quite  a  quarter  of  an  inch  in 
diameter.  It  is  then  to  be  placed  on  paper,  and  the  holes  are  to  be 
filled  with  moist  pipe-clay,  worked  to  the  consistency  of  dough. 
The  superfluous  clay  being  removed,  the  brass  mould  with  the 
paper  under  it  is  to  be  placed  in  the  palm  of  the  left  hand,  while 
with  a  finger  of  the  other  the  clay  in  the  holes  is  to  be  pressed  so  as 
to  give  it  a  concave  form.  These  cups,  as  well  as  the  strips  of  clay 
before  mentioned,  having  been  slowly  dried,  are  to  be  hardened  in 
the  fire  in  a  small  crucible  or  the  bowl  of  a  tobacco-pipe.  In  using 
one  of  these  cups,  it  may  either  bo  held  in  the  inner  flame  of  the 
blow-pipe  with  a  pair  of  forceps,  or  it  may  be  cemented  to  a  thin 
strip  of  glass,   (fig.  26,)  with  26 

silicated  potassa,  for  use  in  the       j y^ 

outer  flame,  or  it  may  be  ce-       L— — ""V.^^ 

mented   with   clay  to   a  thin 

handle  of  pipe-clay,  and  then  burned,  thus  forming  a  small  earthen 
spoon,  which,  being  white,  exhibits,  to  great  advantage,  the  charac- 
teristic colours  produced  by  the  metals  with  fluxes. 

A  small  mineralogical  hammer,  broad  at  one  end,  and  sharp  at 
the  other,  will  be  wanted  for  chipping  off  fragments  of  minerals  for 
examination,  and  for  ascertaining  the  malleability  of  a  metallic 
globule  after  fusion,  by  flattening  it  on  a  plate  of  steel,  called  a 
watchmaker^s  anvil.  This  hammer  and  anvil  may  likewise  be  used 
for  crushing  ores  both  before  and  after  they  have  been  roasted,  the 
mineral  to  be  crushed  being  wrapped  up  in  paper  to  prevent  its 
dispersion.      This    process,    however,    is   best  27 

effected  by  means  of  a  steel  mortar,  (fig.  27,)  so 
contrived  that  a  mineral  may  be  broken  into  ^-^ 

small  fragments,  without  any  of  it  being  lost.         ^  ^^ 

A  small  pestle  and  mortar  of  agate  will  also  be 
required  for  reducing  a  mineral  to  fine  powder 
for  operations  with  the  blow-pipe,  or  with  acids. 
Several  small  files  will  be  useful  for  the  purpose  of  cutting  glass 
tubes,  and  for  filing  the  globules  obtained  from  the  fusion  of  ores, 
in  order  to  ascertain  if  they  possess  the  metallic  lustre.  A  knife  is 
also  indispensable  for  trying  the  hardness  and  sectility  of  minerals. 
Knives  for  the  use  of  mineralogists  are  made  to  contain  also  a 
magnet  and  a  file.  The  magnetic  needle  and  electrometer  have 
already  been  described.     A  lens  must  not  be  omitted,  for  examining 
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28  the   Btnicturc  of   a  mineral    both 

before  and  after  it  has  been  operated 
^^^^^^^        upon  by  heat.     A  pair  of  strong 

cutting  pliers,  for  breaking  off  por- 
tions of  minerals,  will  be  found  very 
useful,  as  also  a  pair  of  brass  forceps,  for  taking  up  small  particles 
of  a  mineral  to  be  tried,  and  for  handling  globules  of  reduced  metal 
while  hot.  To  these  we  may  add  a  small  wire  bent  into  the 
annexed  shape,  (fig.  28,)  for  holding  a  watch-glass  over  the  flame  of 
a  lamp. 

We  have  already  spoken  of  the  open  glass  tube  and  matrass. 
Some  of  the  following  apparatus  of  glass  w*ill  occasionally  be  used 
for  operations  with  the  blow-pipe,  but  more  frequently  when  solu- 
tions are  effected  with  acids.  Large  watch-glasses,  or  the  lower 
part  of  an  oil-flask,  are  useful  for  submitting  small  portions  of  a 

29  mineral  to  the  action 

of  acids,  and  for  eva- 
porating solutions;  a  a 
(fig.  29)  are  test-tubes, 
in  which  solutions  of 
minerals  are  to  be  tried 
with  different  tests  or 
reagents;  b  is  the 
stand  for  holding  them, 
to  which  may  be  attached  an  apparatus  of  wire,  rf,  for  supporting  a 
watch-glass  over  the  flame  of  a  spirit-lamp,  c.  Two  or  three  dozen 
of  these  tubes  should  be  provided,  of  different  sizes.  The  largest 
need  not  be  more  than  half  an  inch  in  diameter,  and  four  or  five 
inches  long.  They  should  have  a  lip  in  the  brim  for  the  convenience 
of  pouring  out  fluids. 

Figures  30,  31,  are  dropping-tubes,  of  different  kinds.      That 

represented  in  fig.  30  was  the  invention  of  Dr. 
WoIIaston,  and  consists  of  a  glass  tube,  with  a 
fine  orifice  bent  at  a  right  angle  about  an  inch 
from  the  orifice,  and  passing  through  a  cork 
fitted  in  the  neck  of  a  bottle,  which  is  to  be 
about  half  full  of  water.  The  warmth  of  the 
;  hand  when  the  bottle  is  held  in  it,  dilates  the 

air  in  the  bottle,  and  slowly  expels  the  water. 
A  continuous  jet  may  be  produced  by  forcing  air  from  the  mouth 
into  a  bottle  fitted  with  a  perforated  cork,  in  which  is  fixed  a  glass 
tube  with  a  fine  orifice,  and  then  inverting  the  bottle.  When  there 
is  no  objection  to  employment  of  warm  water  in  the  w^ashing  of 
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precipitates,  the  necessary  pressure  on  the  water  may  be  produced 
by  heating  the  bottle  over  the  flame  of  a  spirit  lamp  and  then 
inverting  it.     In  this  case  the  bottle  must  be  of  thin  glass,  like  an 
oil-flask,  which  answers  very  well  for  the  purpose.     Another  drop- 
ping-tube  (fig.  31 )  consists  of  a  narrow  glass  tube  about  six 
inches  long,  with  a  bulb  about  an  inch  in  diameter  blown         ^^ 
out  near  the  middle,  and  drawn  out  at  the  other  extremity 
into  a  capillary  orifice.     This  end  being  immersed  in  water, 
the  bulb  is  filled  by  the  action  of  the  mouth  on  the  upper 
extremity.     The  water  is  then  prevented  from  escaping,  by 
closing  this  orifice  with  the  finger,  on  the  removal  of  which, 
the  water  falls  out  in  drops.     These  dropping-tubes  are  used 
for  washing  precipitates  on  filters,  and  in  experiments  with 
the  blow-pipe  are  frequently  used  for  separating  small  frag- 
ments of  charcoal  that  have  become  mixed  with  particles  of 
reduced  metal.     A  tray  will  be  necessary  to  catch  the  assay 
when  it  falls  from  the  support.     This  should  be  made  of  tinned 
iron ;  it  should  be  about  two  feet  long,  and  eighteen  inches  wide, 
and  should  be  turned  up  one  inch  and  a  half  at  the  edges.    It  should 
be  lined  with  white  paper,  and,  to  prevent  dubious  results  from  the 
mixture  of  different  substances,  should  bo  cleaned  every  time  an 
experiment  is  commenced  with  a  fresh  mineral. 

With  respect  to  the  flame  employed,  that  of  a  candle^ — an  ordi- 
nary mould  or  wax  candle — with  rather  a  large  wick,  is  sufficient 
for  the  fusion  of  minerals  that  are  to  bo  held  in  the  forceps,  or  tried 
with  fluxes  on  the  platinum  wire  or  foil,  or  in  the  clay  cups.  When 
charcoal  is  employed  as  the  support,  there  is  this  disadvantage 
attending  the  use  of  the  candle^ — that  the  heat  radiating  from  the 
charcoal  is  apt  to  melt  the  tallow  or  wax,  and  to  make  it  gutter^  or 
bum  away  too  fast*.  In  that  case,  a  lamp  made  of  tinned  iron  ia 
the  most  convenient;  it  may  be  fed  with  oil,  tallow,  or  hog'^s  lard. 
The  flame  of  a  spirit-lamp  gives  a  strong  heat  free  from  smoke,  the 
only  objection  to  it  being  the  increased  expense  attending  the  em- 
ployment of  alcohol  as  a  combustible.  When  a  lamp  is  used,  the 
wick  should  be  parted  in  the  middle,  in  order  to  expose  as  great  a 
surface  as  possible  to  the  flame. 

The  great  art  in  the  use  of  the  blow-pipe  consists  in  maintaining 
a  continuous,  equable  stream  of  air  so  long  as  the  experiment 
requires  it.  To  effect  this,  the  blast  must  not  proceed  directly  from 
the  lungs,  but  the  cheeks  must  be  inflated,  and  by  their  compression 

♦  This  objection  is  in  a  great  measure  obviated  by  the  nse  of  small  pieces  of 
charcoal,  fixed  in  a  tin  holder,  as  described  in  the  last  note. 
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the  air  imist  bo  forced  through  the  blow-pipe,  respiration  being 
maintained  in  the  mean  time  by  breathing  through  the  nostrils; 
this,  though  rather  difBcult  at  first,  will  become  easy  after  a  little 
practice.  The  beginner  should  first  learn  to  breathe  through  the 
nostrils,  keeping  the  mouth  shut.  Let  him  then  learn  to  distend 
the  cheeks  with  the  air  thus  inspired,  and  to  make  several  respira- 
tions, without  suffering  any  air  to  escape  from  his  mouth;  w^hen 
able  to  accomplish  this,  let  him  take  a  blow-pii>e  between  his  lips, 
and  having  filled  his  mouth  with  air,  let  him  expel  it  gently  through 
the  tube  by  the  action  of  the  muscles  of  the  cheeks,  while  he 
breathes  through  the  nostrils.  To  this  end  the  tongue  must  be 
applied  to  the  palate,  so  as  to  interrupt  the  communication  between 
the  mouth  and  the  passage  from  the  nostrils.  As  the  supply  of  air 
in  the  mouth  diminishes,  it  is  to  be  renewed  by  withdrawing  the 
tongue  from  the  p<ilato,  and  again  replacing  it,  as  in  pronouncing 
the  word  tut. 

It  will  be  advisable  to  practise  the  keeping  up  of  a  stream 
of  air  in  this  manner  with  the  blow-pipe  alone,  without  applying 
it  to  a  flame,  and  having  become  tolerably  expert,  the  learner 
may  then  proceed  to  try  to  keep  up  a  steady  flame,  without 
attempting  to  direct  it  on  any  object,  and  when  he  can  do  this  with 
facility,  he  may  proceed  to  the  oxidation  of  metals,  the  reduction  of 
ores,  and  the  fusion  of  some  of  the  most  fusible  earthy  minerals. 
Let  him  commence  with  the  flame  of  the  candle  rather  shortly 
snuffed,  the  wick  being  bent  in  the  direction  of  the  intended  blast. 
The  orifice  of  the  blow-pipe  is  to  be  held  just  above  the  bent  wick, 
and  the  air  gently  expressed  through  it  along  the  horizontal  part  of 
the  wick,  without  touching  it.  The  lamp  or  candle  should  be  placed 
at  such  a  height,  that  both  elbows  of  the  operator  may  rest  upon  the 
table  while  he  is  using  the  blow-pipe,  and  the  further  from  the 
mouth  the  instrument  is  held  the  more  steady  will  it  be. 

The  cone  of  flame  produced  by  the  blast  will  be  found  to  consist 
of  two  portions — an  outer  and  yellow  flame,  (a,  fig.  24,)  and  an 
inner  and  blue  flame,  b.  Oxidation  is  best  effected  at  an  incipient 
red  heat,  the  substance  to  be  operated  upon  being  held  at  the 
extreme  point  of  the  yellow  flame,  where  the  gases  derived  from  the 
decomposition  of  the  combustible  matter  are  burning  in  immediate 
contact  with  the  air,  and  are  consequently  highly  charged  with 
oxygen.  Reduction  or  deoxidation  is  best  effected  at  the  point  r, 
just  beyond  the  extremity  of  the  blue  cone,  where  imperfect  com- 
bustion is  going  on,  and  where  the  flame,  requiring  a  further  supply 
of  oxygen,  takes  it  from  the  metallic  oxide  acted  upon.     For  this 
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operation,  a  blow-pipe  with  a  small  orifice  is  to  be.^te^d,  and  the 
assay  must  be  kept  quite  surrounded  with  flame.     A  Tisgfii  irregular 
flame  shows  that  the  oriflce  is  not  round  and  smooth,  anil*  ft  cavity 
in  the  flame  shows  that  the  orifice  is  too  large.     The  learner,  ought 
to  begin  operating  upon  substances  that  are  easy  of  reductiop^*jsuch 
as  bismuth,  sulphate  of  copper,  and  the  carbonate,  sulphuret;'  and 
red  oxide  of  lead.     He  may  then  proceed  to  the  reduction  of  ^ril- 
phuret  and  arseniate  of  copper,  and  when  he  can  keep  a  small  grain  ^-. 
of  tin  in  a  complete  state  of  fusion,  so  as  to  preserve  its  metalliiQV'' 
brilliancy,   he   may  consider  himself  an   expert  operator.      This*'/ 
affords  a  very  good  criterion  for  ascertaining  the  point  at  which    ^ 
the  flame  becomes  an  oxidating,  instead  of  a  reducing  flame,  for  at 
that  point  the  globule  of  tin  becomes  coated  with  a  white  crust 
of  oxide. 

The  small  fragment  of  a  mineral  submitted  to  examination  by 
the  blow-pipe  is  called  the  Assay,  and  with  respect  to  size,  it  must 
be  observed,  that,  except  in  the  case  of  the  most  fusible  substances, 
the  beginner  ought  not  to  attempt  to  operate  upon  a  piece  much 
larger  than  a  grain  of  mustard-seed.  With  respect  to  figure,  the 
assay  ought,  if  possible,  to  be  chipped  off  in  the  shape  of  a  small 
scale,  with  a  sharp  edge  or  point,  particularly  in  the  case  of  minerals 
that  are  difficult  of  fusion,  because  these  flne  points  or  edges  are 
more  easily  acted  upon  than  a  thicker  piece,  and  accordingly  as  the 
point  or  edge  becomes  rounded,  or  retains  its  sharpness,  it  may  be 
considered  fusible  or  infusible;  in  order  to  ascertain  this,  it  is  some- 
times necessary  to  examine  the  assay  with  a  lens.  The  earthy 
minerals  which  are  fused  with  the  greatest  ease  are  hornblende  and 
felspar,  particularly  vitreous  felspar. 

The  operation  termed  roasting,  or  calcining,  consists  in  sub- 
mitting the  metallic  sulphurets,  arseniurets,  and  other  substances 
containing  volatile  matter,  to  a  low  red  heat ;  the  support  used  in 
such  cases  must  be  either  charcoal,  the  glass  matrass,  the  open  tube, 
or  a  plate  of  mica.  Unless  the  roasting  be  properly  performed,  so 
as  to  expel  all  the  sulphur  or  other  volatile  matter,  no  attempt  to 
reduce  the  ore,  either  with  or  without  fluxes,  will  be  attended  with 
any  satisfactory  result. 

Fluxes  are  substances  added  to  metallic  ores,  or  other  minerals, 
in  order  to  promote  their  fusion,  and  their  action  is  either  chemical 
or  mechanical.  In  some  cases,  the  superior  affinity  of  the  alkaline 
or  earthy  base  employed  as  a  flux,  abstracts  from  a  metallic  oxide 
the  acid  combined  with  it  which  prevents  its  reduction.  In  other 
cases,  the  reduction  is  effected  by  fusing  oxides  with  inflammable 
bodies,  which  deprive  them  of  their  oxygen,  by  combining  with  it 
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in  combu8tii!^r/ The  flux  sometimes  acts  mechanically,  when  the 
mineral  unSe/'examiuation  would,  on  its  reduction,  be  divided  into 
minute  .^ficticles,  not  easily  collected.     By  mixing  it  with  a  sub- 
BtancQ*|^'^ly  fusible,  a  medium  is  obtained,  through  which  these 
partTckr  can  readily  subside.     They  are  thus  prevented  from  being 
^ispei^bd,  and  are  collected  together  till  they  run  into  a  globule, 
ofj^rill. 
/.'••/^he  fluxes  of  most  general  utility  in  blow-pipe  operations  are 
•/'•hoTSite  of  soda,  or  borax,  carbonate  of  soda,  and  microcosmic  salt; 
'"'•/these  must  be  procured  in   a  state  of  perfect  purity,  and  kept 
*•.*•**    pulverized  in  small  phials.     When  borax  is  first  submitted  to  the 
•/-*      blow-pipe  flame,  it  becomes  white  and  opaque,  and  intumesces  con- 
siderably, on  account  of  the  water  it  contains,  but  on  this  being 
expelled,  it  fuses  into  a  colourless  globule.     When  a  mineral  is 
treated  with  this  flux,  the  characteristics  to  be  observed  are,  its 
degree  of  fusibility,  and  whether  this  takes  place  quickly  or  slowly 
and  whether  with  or  without  efiervescence,  also  the  colour  of  the 
glass,  and  the  alterations  which  take  place  in  its  transparency.     The 
use  of  carbonate  of  soda  as  a  flux  is  two-fold — first,  to  ascertain  the 
fusibility  of   the   earthy  minerals,    and   secondly,   to  reduce  the 
metallic  oxides. 

When  soda  is  used  with  an  assay  on  charcoal,  it  is  very  apt  to 
be  absorbed  by  the  support,  but  a  continuance  of  the  heat  causes  it 
again  to  rise  to  the  surface  of  the  charcoal,  or  the  absorption  may 
be  prevented,  by  adding  the  soda  in  very  small  quantities.  Some 
minerals  are  fusible  with  soda,  only  when  reduced  to  powder,  others 
combine  with  small  portions  of  it,  fuse  with  difiiculty  on  the  addi- 
tion of  more,  and  become  quite  infusible  if  a  large  quantity  be 
added.  In  the  examination  of  a  mineral  with  soda,  it  ought,  there- 
fore, to  be  tried  with  different  proportions  of  this  flux,  noting  the 
effects  produced  by  the  use  of  each  successive  proportion. 

Microcosmic  salt,  or  salt  of  phosphorus  and  ammonia,  intumesces 
considerably  on  exposure  to  the  flame  of  the  blow-pipe,  and  boils 
until  the  water  and  ammonia  are  dissipated ;  it  then  fuses  quietly 
into  a  clear  globule,  which  continues  fluid  much  longer  than  that 
produced  by  the  fusion  of  borax,  for  which  reason  the  matter  to  be 
examined  can  be  more  conveniently  added.  It  is  used  for  the 
examination  of  metallic  minerals,  with  which  it  aflbrds  highly- 
characteristic  indications  in  the  colour  and  transparency  of  the  fused 
mass. 

In  order  to  discover  the  names  of  minerals  with  which  ho  is 
unacquamted,  the  student  may  either  have  recourse  to  the  little 
work  before-mentionedy  in  which  they  are  classed  according  to  their 
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pyrognostio  characters,  or  if  the  system  of  mineralogy  which  he 
consults  be  founded  on  their  chemical  composition,  he  may,  by 
means  of  a  qualitative  analysis,  determine  their  principal  consti- 
tuents, and  their  consequent  place  in  such  a  system.  It  will,  more* 
over,  be  found  advantageous  in  conducting  such  investigations  that 
in  all  cases  the  results  obtained  by  the  pyrognostic  examination  of 
any  substance  should  be  confronted  with  those  obtained  by  submit- 
ting another  portion  of  it  to  the  action  of  tests  after  being  brought 
into  a  state  of  solution.  This  may  be  done  by  means  of  the  watch- 
glass  and  tube  apparatus  (fig.  29).  The  solution  of  the  saline 
minerals  in  water,  and  of  those  that  are  soluble  in  acids,  is  easily 
effected.  Compounds  insoluble  in  acids  must  be  reduced  to  fine 
powder,  and  fused  with  carbonate  of  potassa,  or  carbonate  of  soda. 
This  fusion  may  be  accomplished  with  the  blow-pipe,  on  platinum 
foil,  or  in  the  platinum  spoon.  The  fused  mass  will  then  be  soluble 
in  water,  and  portions  of  the  solution  being  poured  into  several 
small  tubes,  may  be  tested  with  different  reagents.  Precipitation 
takes  place  when  the  reagent  forms,  with  any  of  the  earths  or 
metals  held  in  "^solution,  a  compound  insoluble,  or  sparingly  soluble, 
in  the  liquid  in  which  they  had  been  dissolved.  The  colours  of  the 
precipitates,  and  their  degree  of  solubility  in  hot  or  cold  water,  or 
in  acids,  afford  characteristics  by  which  the  different  ingredients  may 
be  discriminated.  Sometimes  no  precipitate  is  produced,  but  the 
colour  of  the  solution  is  changed.  In  other  cases,  a  small  quantity 
of  the  reagent  produces  a  precipitate  which  a  larger  quantity 
redissolves. 

It  will  frequently  be  necessary,  in  con-  32 

ducting  a  qualitative  analysis  of  this  kind, 
to  separate  a  precipitate  by  filtration,  in 
order  that  the  supernatant  liquor  may  be  ^^^^ 
tested  for  other  substances  remaining  in 
solution.  Filtration  is  performed  thus:  a 
piece  of  filtering  paper,  rather  bibulous,  and 
free  from  size,  lime,  and  other  impurities,  -.s-i^-^ 
is  folded  so  as  to  fit  a  small  glass  funnel 
(fig.  32).     The  liquid  with  the  precipitate 

is  poured  into  the  paper,  the  funnel  being  ^ 

placed  on  a  support  over  a  small  glass  jar. 

The  liquid  will  then  soak  through  the  pores  of  the  filter,  leaving 
the  solid  matter  behind.  The  precipitate  is  to  be  washed  on  the 
filter,  by  repeatedly  pouring  distilled  water  upon  it  until  the  water 
which  passes  through  the  paper  ceases  to  have  any  action  upon 
test-papers  stained  with  litmus  or  turmeric. 
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The  filtering-paper  is  to  be  folded  in  the  following  manner,  in 
order  to  make  it  fit  the  funnel.     Double  a  square  piece  in  half,  in 

the  direction  a  a  (fig.  33).  Fold  it  again, 
in  the  direction  bb;  cut  off  the  comers,  as 
shown  by  the  dotted  line,  and  then  let  the 
folded  paper  be  opened  by  thrusting  the 
finger  into  it,  so  that  the  three  folds  of  the 
paper  may  be  on  the  one  side,  and  one  on 
the  other.  A  cup  will  thus  be  formed  (fig. 
34),  into  which,  after  it  is  placed  in  the 
funnel,  the  liquor  may  be  poured*. 

We  have  spoken  of  washing  the  preci- 
pitate with  distilled  water.  The  same 
should  be  used  for  making  aqueous  solu- 
tions, and  for  diluting  acids  in  all  analytical 
operations.  The  reason  of  this  is,  that  spring 
water  is  never  perfectly  pure,  but  always 
contains  some  salts  or  earths  in  solution, 
which  would  yield  a  precipitate  with  some  of 
the  reagents,  and  give  rise  to  erroneous  con- 
clusions. When  heat  is  applied  to  water, 
in  which  saline  and  earthy  matter  is  dissolved,  the  water  rises  in 
the  form  of  vapour,  leaving  the  salt  or  earth  behind,  and,  on  con- 
densing this  vapour,  the  water  is  obtained  iu  a  state  of  purity. 
This  is  the  process  of  distillation,  which  is  conducted  by  means  of 

the  apparatus  represented  in  fig. 
35.  A  head  of  tinned  iron  a, 
fitted  to  the  vessel  6,  which  con- 
tains the  water  to  be  distilled,  is 
connected  to  a  worm  c,  passing 
through  a  vessel  which  is  filled 
with  cold  water,  in  order  to  pro- 
mote the  condensation  of  the 
vapour,  which  trickles  as  it  is 
condensed,  through  the  stop-cock 
at  (/,  into  a  vessel  placed  to  re- 
ceive it.  This  process  should  be 
conducted  very  slowly,  in  order 
to  obtain  the  water  in  a  state  of 
perfect  purity ;  for,  should  ebul- 

*  Messrs.  Grifiin,  of  Glasgow,  seU  filtering  paper  cut  by  a  machine  into  a  circular 
form,  and  of  various  diameters;  also  test-papers,  cut  into  small  strips  and  stitched 
togeUier  in  books.  These  gentlemen  are  trying  as  a  commercial  experiment  to 
create  a  demand  for  chemioal  apparatus,  by  diminishing  the  price  of  it. 
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lition  be  allowed  to  take  place,  some  of  the  foreign  matter  would 
rise,  mechanically  suspended  in  the  vapour,  and  would  be  carried 
over  with  it.  When  distilled  water  cannot  be  procured,  rain  water, 
collected  as  it  falls  from  the  atmosphere,  at  a  distance  from  any 
buildings,  may  be  substituted  for  it. 

A  current  of  sulphuretteil  hydrogen  gas  is  a  reagent  of  great 
importance  for  separating  different  metals  contained  in  the  same 
solution.  We  shall  therefore  describe  the  mode  of  preparing  it. 
Sulphuretted  hydrogen  may  be  obtained  either  from  proto-sulphuret 
of  antimony  and  muriatic  acid,  or  from  proto-sulphuret  of  iron  and 
diluted  muriatic  or  sulphuric  acid.  In  a  glass  flask,  (fig.  36,)  fitted 
with  a  cork  having  a  bent  glass  tube 
passing  through  it,  let  sulphuret  of 
antimony  be  heated  by  means  of  a 
lamp,  with  four  or  five  times  its 
weight  of  strong  muriatic  acid.  An 
interchange  takes  place  between  the 
elements  of  the  substances  present, 
the  composition  of  which  is  as  fol- 
lows. Aqueous  muriatic  acid  consists 
of  muriatic  acid  gas  and  water.  The 
elements  of  water  are,  oxygen  and 
hydrogen ;  of  muriatic  acid,  hydro- 
gen and  chlorine.  Either  the  water 
of  the  acid,  or  the  acid  itself,  is 
decomposed. 

On  the  first  supposition,  the  oxygen  of  the  water  unites  with 
the  antimony,  producing  the  protoxide  of  that  metal;  and  oxide  of 
antimony,  combining  with  the  acid,  forms  muriate  of  antimony. 
On  the  second  supposition,  the  chlorine  of  the  acid  forms  a  chloride 
with  the  antimony,  and  in  both  cases  hydrogen  is  liberated,  either 
from  the  water  or  the  acid,  which,  uniting  with  the  sulphur  of  the 
sulphuret,  produces  sulphuretted  hydrogen.  Sulphuretted  hydrogen 
may  also  be  procured  from  protosulphuret  of  iron,  and  sulphuric  or 
muriatic  acid  diluted  with  three  or  four  times  its  weight  of  water. 
In  this  case,  the  water  is  decomposed;  its  hydrogen* unites  with  the 
sulphur  of  the  sulphuret,  and  sulphate  or  muriate  of  antimony 
remains  in  solution.  In  this  mode  of  preparing  sulphuretted  hydro- 
gen, the  application  of  heat  is  unnecessary. 

Protosulphuret  of  iron  may  be  obtained  by  igniting  common 
iron  pyrites,  which  is  a  deutosulphuret,  so  as  to  expel  one  proportion 
of  sulphur,  or  it  may  be  formed  by  mixing  two  parts  of  iron  filings 
and  rather  more  than  one  of  sulphur,  and  exposing  them  to  a  low 
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rod  heat,  excluding,  during  the  process^  access  of  air  as  much  as 
possible. 

Bars  or  cylinders  of  iron,  copper,  zinc,  and  tin,  will  be  required 
for  precipitating  different  metals  in  the  metallic  state  from  their 
solutions,  and  some  paper  should  be  provided,  stained  with  infusions 
of  litmus  and  turmeric,  as  tests  of  the  presence  of  acids  and  alkalis. 
The  blue  colour  of  the  litmus  paper  is  reddened  by  acids,  and 
restored  by  alkalis,  and  the  yellow  colour  of  turmeric  paper  is 
changed  by  alkalis  to  reddish  brown. 

The  reagents  necessary  to  be  procured  will  be  the  following :— 


Acid,  muriatic, 

Liquid  sulphuretted  hy- 

Oxalate of  ammonia, 

uitric, 

drogen. 

Sulphate  of  soda, 

. sulphuric, 

Infusion  of  galls, 

Subcarbonate  of  ammonia^ 

tartaric, 

Nitrate  of  silver, 

Lime  water, 

Alcohol, 

baryta. 

Distilled  water, 

Muriate  of  auiniouia, 

cobalt, 

Borax, 

Chloride  of  platiuuoi, 

lead, 

Subcarbonate  of  soda, 

Prussiate  of  potussa, 

Caustic  potassa, 

Double  phofiphate  of  soda 

IIydrosuli)huret  of  ammo- 

    soda, 

and  ammonia. 

nia, 

ammoiiiu. 

rrotochloride  of  tin, 
Tm  foil 

The  following  method  of  conducting  a  qualitative  analysis  of 
minute  quantities  of  mineral  substances  is  recommended  by 
Beudant  *• 

We  have  first  to  determine  to  what  simple  body^  or  to  tchat  order 
of  compound  a  mineral  belongs.  The  substance  to  bo  analyzed  will 
either  be  one  of  the  only  thirteen  simple  bodies  that  ever  occur  iu 
nature  in  an  uncombined  state,  or  of  that  small  number  of  simple  or 
compound  bodies  which  are  negative  electrics  with  respect  to  all 
others;  and,  consequently,  one  of  the  principles  of  which  all  sub- 
stances are  composed.  These  are  the  bodies  whose  presence  it  is 
necessary  to  determine,  to  solve  the  above  question.  We  have, 
therefore,  to  discover  whether  the  substance  submitted  to  analysis,  is 


Antimony, 

Gold, 

Platinum, 

Arsenic, 

li-on. 

Silver, 

Bismuth, 

Meixjury, 

Sulphur, 

Carbon, 

Palladium, 

Tellm-ium, 

Copper, 

which  are  the  only  simple  bodies  known  to  occur  iu  a  metallic 
state ;  or  whether  it  is  an  alloy  of  gold,  osmium,  or  mercury  (an 
hydrarguret),  an  antimouiuret,  arseniuret,  carburet,  chloride,  iodide, 
fluoride,  seleniuret,  sulphuret,  or  telluriuret,  which  are  the  only 
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compounds  not  containing  oxygen.    Or  lastly,  we  have  to  determine 
whether  it  is  an 


Aluminate, 

Hydrate, 

Columbate, 

ArBcniate, 

Molybdate, 

Titanate, 

Arsenite, 

Nitrate, 

-  TuDgstate, 

Borate, 

PhosphatOi 

Ferrate^ 

Carbonate, 

Silicate, 

Manganate^ 

Chromite, 

Sulphate, 

the  only  ternary  and  quaternary  compounds  in  which  oxygen  is 
present,  which  have  yet  been  met  with  in  nature.  Oxides  are 
excluded  from  the  above  list,  because  it  is  not  easy  to  determine  by 
these  simple  experiments  whether  a  given  substance  is  an  oxide. 
Ferrates  and  manganatee  are  so  named  by  some  mineralogists  in 
which  the  peroxides  of  iron  and  manganese  act  the  part  of  an  acid. 
They  can  only  be  distinguished  from  the  oxides  of  those  metals 
and  from  their  combinations  as  positive  electrics,  by  proving  that 
the  substance  under  examination  does  not  contain  any  other  nega- 
tive electric,  and  that  it  contains  a  base  with  which  the  oxide  of 
iron  or  manganese  is  combined^. 

A  few  experiments  will  suffice  to  discriminate  the  simple  bodies 
or  different  orders  of  compounds  contained  in  the  above  list.  The 
mode  of  proceeding  is : 

1.  To  heat  the  mineral  without  reagents  in  a  close  or  open  tube, 
and  to  examine  in  different  ways  the  matters  given  off. 

2.  To  heat  it  in  the  same  manner  with  powdered  charcoal,  or 
with  an  acid,  which  is  used  sometimes  alone,  sometimes  with 
peroxide  of  manganese  or  copper  filings. 

3.  To  fuse  it  with  carbonate  of  soda  or  potassa,  in  order  to 
produce  an  alkaline,  and  consequently  a  soluble  salt,  the  acid  of 
which  is  afterwards  discovered  by  different  methods. 

4.  To  fuse  the  mineral,  or  the  precipitates  obtained  from  its 
solution,  with  phosphate  of  soda  and  ammonia. 

The  following  are  the  characters  exhibited  under  these  modes 
of  treatment  by  the  substances  enumerated : — 

Hydrates.  Heated  in  the  closed  tube  they  give  off  water,  which 
condenses  in  the  cool  ])art  of  it.  We  must  test  this  water  with 
litmus  and  turmeric  paper  for  acids  and  alkalis ;  it  is  not  sufficient 
to  determine  that  a  mineral  is  a  hydrate ;  we  must  also  try  if  it 
belongs  to  any  kind  of  salt,  because  hydrates  have  for  their  bases 
sometimes  simple  oxides,  sometimes  ternary  and  quaternary  com- 
pounds  of  oxygen,  &c. 

*  The  loadstone,  or  oxidulated  iron,  is  a  fcn-ate  of  iron,  the  protoxide  of  thai 
metal  Mug  the  base  to  the  peroxide* 
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HydrargureU  (alloys  of  mercury),  heated  in  the  clo$ed  tubey 
give  off  vapours  of  mercury,  which  condense  in  small  metallic 
globules  on  the  cold  part  of  the  glass.  The  base  remains  in  the 
tube  as  a  fused  mass,  at  least  when  not  likewise  volatile. 

SeleniuretSy  in  the  closed  tube^  disengage  selenium  by  the  action 
of  heat,  which  condenses  in  the  form  of  a  red  powder ;  in  the  open 
tube^  or  on  charcoal,  it  is  converted  into  a  volatile  oxide,  having  a 
strong  odour  like  that  of  putrid  horse  radish.  This  character  is 
sufficient  for  the  detection  of  very  minute  portions  of  selenium  in 
compounds  differing  much  in  their  principal  constituents. 

Arsenic,  Lustre,  metallic;  colour,  steel  gray,  on  a  fresh  frac- 
ture. In  the  closed  tube  is  completely  volatilized,  aud  deposited  in 
metallic  crystals  on  the  cool  part  of  the  glass.  In  the  open  tube 
yields  a  strong  odour  of  garlic,  and  deposits  white  crystals,  which 
are  arsenious  acid.     Pure  arsenic  leaves  no  residue. 

Arseniurets.  Lustre,  metallic.  In  the  open  tube  they  have  the 
same  characters  as  arsenic,  but  leave  a  residue  or  give  off  peculiar 
odours.     In  the  closed  tube  sublimation  of  arsenic  sometimes  occurs. 

Arsenic  combined  with  sulphur  exliibits  the  same  characters  as 
when  pure,  but  those  of  sulphur  are  at  the  same  time  observable. 
When  in  this  case  there  is  no  residue,  the  substance  is  a  simple 
sulphuret  of  arsenic ;  when  there  is  a  residue  it  is  a  sulpho-arseniuret. 

Arsenious  acid.  In  the  closed  tube  is  completely  volatilized,  and 
deposits  small  white  crystals.  With  charcoal,  the  alliaceous  odour 
is  developed. 

Arsenites,  In  the  closed  tube,  arsenious  acid  sublimes  and  a 
residue  remains,  at  least  when  the  base  is  metallic.  With  charcoal 
they  yield  the  alliaceous  odour. 

Arseniates.  In  the  closed  tube  no  sublimation  takes  place  tcitk 
charcoal;  they  yield  arsenious  acid  and  the  odour  of  garlic.  The 
arseniates  are  frequently  mixed  with  phosphates,  which  do  not  pre- 
vent the  developenient  of  the  above  characters.  The  mode  of  detect- 
ing phosphoric  acid  will  be  found  under  the  head  of  phosphates. 
The  alliaceous  odour  given  out  on  calcination,  either  alone  or  wnth 
charcoal,  is  sufficiently  characteristic  to  indicate  the  smallest  quantity 
of  arsenic  in  compounds  of  different  kinds. 

Antimony,  A  silver-white  metal.  In  the  open  tube  it  gives  out 
copious  white  vapours  teithoui  the  odour  of  garlic.  These  condense 
on  the  tube  in  the  form  of  a  white  powder,  which  may  be  volatilized 
and  driven  from  one  part  of  the  tube  to  another  by  reheating  it. 
This  white  powder,  which  is  oxide  of  antimony,  is  insoluble  in 
nitric  acid,  but  dissolves  in  muriatic  acid,  from  which  it  is  precipi- 
tated white  by  tcater^  and  orange-yellow  by  sulphuretted  hydrogen. 
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AnttmoniureU  have  a  metallic  lustre  and  behave  like  antimony, 
but  leave  a  residue  when  they  cease  to  give  ofT  white  fumes.  Anti- 
mony in  these  compounds  is  sometimes  the  negative,  sometimes  the 
positive  electric.  In  either  case  the  reaction  is  the  same,  but  in  the 
latter  the  characters  of  sulphur,  arsenic,  &c.,  are  exhibited.  If 
there  is  any  residue  the  mineral  contains  some  other  substance. 

Oxides  of  antimony^  with  charcoal,  are  reduced  to  metallic 
globules,  which,  heated  in  contact  with  the  air,  are  dissipated  in 
white  fumes. 

Tellurium^  a  metal  of  a  steel-gray  colour.  In  the  closed  tube  it 
yields  a  gray  sublimate :  in  the  open  tube  gives  out  white  fumes, 
which  coat  the  sides  of  the  tube  and  run  into  limpid  globules;  when 
heated  again  no  residue  remains  from  the  operation. 

Telluriurets  have  a  metallic  lustre,  and  the  same  characters  as 
tellurium,  but  leave  a  residue. 

Osmium,  There  is  but  one  known  compound  of  this  metal,  that 
with  iridium.  Calcined  with  nitrate  ofpotassa^  it  yields  an  odour 
like  that  of  chlorine. 

Sulphur  yields,  while  burning,  the  well-known  odour  caused  by 
the  formation  of  sulphuric  acid.     It  leaves  no  residue  when  pure. 

Sulphurets  have  frequently  a  metallic  lustre.  In  the  open  tube 
most  of  them  yield  sulphuric  acid,  like  sulphur ;  they  all  yield  it  on 
being  heated  mixed  with  iron  filings.  Fused  with  soda  or  car- 
bonate  of  soda^  they  all  produce  a  substance  which  on  being  moist- 
ened with  acidulated  water  disengages  sulphuretted  hydrogen, 
known  by  its  smell  resembling  that  of  rotten  eggs.  They  leave  a 
fusible  residue,  or  give  out  fumes  which  indicate  the  substances 
with  which  the  sulphur  was  combined. 

Sulphurous  acid^  gaseous  or  dissolved  in  water,  having  the  odour 
of  burning  sulphur. 

Sulphuric  acid^  liquid.  Powdered  charcoal  saturated  with  it 
yields  sulphurous  acid  on  being  heated. 

Sulphates^  in  the  closed  tube^  often  yield  the  pungent  fumes  of 
sulphurous  acid.  With  charcoal  alone^  or  mixed  with  carbonate  of 
soda^  they  produce  by  fusion  a  frit  which  yields  sulphuretted 
hydrogen  on  being  moistened  with  acidulated  water.  They  give  out 
no  sulphurous  odour  when  treated  with  sulphuric  acid. 

Carbon  in  a  state  of  purity  is  the  diamond.  It  also  occurs  in 
black  masses,  having  a  pseudo-metallic  lustre.  In  the  open  tube  these 
bum  more  or  less  easily;  with  nitrate  of  potassa^  deflagrate  at  a  red 
heat,  and  leave  a  residue  of  carbonate  of  potassa. 

Carburets,  In  the  mineral  kingdom,  these  have  a  base  of  hydro- 
gen, and  occur  gaseous  as  carburetted  hydrogen ;  liquid  as  naphtha 
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and  petroleum ;  or  solid,  and  analogous  to  resinous  substances,  as 
asphaltum. 

Carbonic  acidy  a  gas  without  odour,  absorbed  by  the  alkalis,  and 
soluble  in  water,  to  which  it  communicates  a  slightly  acid  taste,  the 
property  of  sparkling,  and  of  yielding  a  precipitate  with  lime-water, 
which  dissolves  with  effervescence  in  acids. 

Carbonates  dissolve  either  in  hot  or  cold  acids,  with  an  efferves- 
cence more  or  less  brisk,  produced  by  a  colourless  and  odourless  gas, 
which  is  carbonic  acid. 

Nitrates^  soluble  or  deliquescent;  substances  which  deflagrate 
with  charcoal,  and  disengage  red  fumes  of  nitrous  acid,  when 
treated  with  sulphuric  acid  after  being  mixed  with  copper  filings. 

Chlorides^  with  sulphuric  acid,  give  out  chlorine,  (known  by  ita 
suffocating  odour  and  greenish-yellow  colour,)  when  previously  mixed 
with  pulverized  oxide  of  manganese.  With  phosphate  of  soda  and 
ammonia,  after  being  fused  with  oxide  of  copper,  a  beautiful  blue 
flame  inclining  to  purple  is  produced  by  the  volatilization  of  chloride 
of  copper. 

Fluorides,  With  sulphuric  acid  some  of  them  yield  a  pungent 
gas  which  corrodes  glass.  With  phosphate  of  soda  and  ammonia, 
previously  fused,  they  all  yield  the  same  gas.  In  the  closed  tube, 
some  substances  heated  without  reagents  produce  the  same  effect, 
which  arises  from  the  presence  of  fluorine. 

Iodides,  ttith  sulphuric  acid,  disengage  violet-coloured  vapours, 
having  an  odour  resembling  that  of  chlorine. 

Boracic  acid  communicates  to  alcohol  the  property  of  burning 
with  a  green  fl<inie. 

Borates,  borosilicates,  tcith  nitric  acid,  dissolve,  leaving  a  soapy- 
looking  residue  which  tinges  the  flame  of  alcohol  green.  The 
residue  of  borosilicatcs,  fused  with  carbonate  of  soda  and  treated 
with  water,  leaves  again  an  insoluble  substance,  which  is  silica. 
The  simple  borates  when  thus  treated  leave  no  such  residue. 

The  phosphates,  ch^omates,  mohjbdates,  tungstates,  and  columbates, 
exhibit  none  of  the  preceding  characters.  Those  which  occur  in 
nature,  with  the  exception  of  phosphate  of  soda,  which  is  soluble, 
must  be  fused  with  carbonate  of  soda  on  platinum  foil.  The  result 
is  an  alkaline  salt  soluble  in  water,  to  which  must  be  added  a  little 
nitric  or  acetic  acid  to  saturate  the  excess  of  carbonated  alkali.  The 
nature  of  the  acid  in  the  substance  under  analysis  may  then  be 
discovered  by  treating  the  solution  with  different  reagents. 

Phosphates.  The  solution  yields  a  white  precipitate  with  nitrate 
of  lead,  zinc,  and  mercury,  and  a  yellow  precipitate  with  nitrate  of 
silver. 
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The  phosphates  are  often  mixed  with  arseniates,  the  presence  of 
which  is  known  by  the  alliaceous  odour  when  heated  on  charcoal, 
but  which  prevent  the  developement  of  the  above  characters.  If 
the  arseniate  is  present  in  sufficient  quantity,  the  precipitate  by 
nitrate  of  mercury  assumes  a  slight  tint  of  yellow,  that  of  nitrate  of 
silver  turns  brown;  but  in  order  properly  to  distinguish  the  two 
salts,  it  is  necessary  to  collect  the  precipitate  by  nitrate  of  lead,  to 
e3cpose  it  upon  charcoal  to  the  reducing  flame ;  the  arseniate  will 
then  be  decomposed,  and  metallic  lead  will  remain  with  a  globule  of 
the  phosphate  susceptible  of  crystallization. 

Chromates.  The  solution  gives  a  yellow  precipitate  with  nitrate 
oflead^  and  a  red  precipitate  with  the  nitrates  of  silver  and  mercury. 

Chromite.  The  only  native  chromiV^  is  a  compound  of  the  oxides 
of  chromium  and  iron,  generally  called  chroma^^  of  iron.  It  is  not 
attacked  by  carbonate  of  soda  unless  in  a  very  strong  reducing  flame. 
With  nitrate  of  potassa  or  of  soda  the  oxide  of  chrome  is  converted 
into  chromic  acid,  and  the  aqueous  solution  exhibits  the  characters 
of  the  chromates. 

Oicide  of  chrome^  treated  like  a  chromite,  produces  the  same 
results.  In  the  reducing  flame,  every  substance  containing  chro- 
mium forms  with  soda  a  fused  mass  of  a  bright  green  colour,  which 
changes  to  yellow  in  the  oxidizing  flame. 

Molybdates.  On  the  addition  of  an  acid  to  the  solution,  they 
afibrd  a  white  precipitate  of  molybdic  acid.  A  bar  of  tin  causes  it 
to  change  to  blue.  The  precipitate  is  fusible  and  volatile,  yielding 
with  the  double  phosphate  of  soda  and  ammonia  a  green  glass  in 
the  reducing  flame. 

Tungstates,  An  excess  of  acid  added  to  the  solution  causes  a 
precipitate,  white  at  flrst,  but  which  is  changed  to  yellow  by  boiling. 
The  precipitate  is  infusible,  and  forms  with  microcosmic  salt  a  blue 
glass  in  the  reducing  flame. 

Colunibates,  The  addition  of  either  nitric  or  muriatic  acid  causear 
a  white  precipitate,  which  does  not  redissolve,  (even  though  the 
acids  may  be  in  excess  and  the  solution  dilute,)  is  infusible,  and  is 
rendered,  while  yet  moist,  orange  by  the  infusion  of  gall-nuts,  and 
brown  by  hydrosulphuret  of  ammonia.  With  the  phosphate  of 
soda  and  ammonia  it  yields  a  colourless  glass. 

Silicates^  or  Silica.  The  fusion  of  these  is  very  difficult,  re- 
quiring much  soda  and  a  long  continued  heat  to  produce  a  soluble 
substance.  The  solution  yields  a  precipitate  with  nitric  or  muriatic 
acid  when  sufficiently  concentrated,  but  not  when  dilute;  but  even 
then  precipitation  takes  place  by  evaporation.  The  precipitate  is 
white,  does  not  change  colour  with  any  reagent,  is  infusible,  and 
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forms  a  colourless  glass  with  the  double  phosphate  of  soda  and 
ammonia.  Many  silicates  are  soluble  in  acids  without  fusion  with 
a  carbonated  alkali,  and  form  a  transparent  jelly.  This  jelly  is  pro- 
duced by  the  silicic  acid  which  separates  from  the  substance.  All 
minerals,  therefore,  which  gelatinize  with  acids  are  silicates.  The 
silicic  acid  obtained  by  either  process  sometimes  contains  boracio 
acid,  which  may  be  known  by  the  green  flame  it  imparts  to  alcohol. 

Titanates^  oxides  of  titanium.  The  result  obtained  by  fusion 
with  a  carbonated  alkali  is  insoluble  in  water,  but  soluble  in  muri- 
atic acid.  The  solution  diluted  with  water  is  rendered  purple  by 
the  action  of  a  bar  of  zinc,  and  by  boiling;  or  the  addition  of  oxalic 
acid  produces  a  precipitate,  which,  in  the  reducing  flame  with 
microcosmic  salt,  forms  a  bluish  violet  glass.  When  the  titanate  is 
not  ferruginous,  the  precipitate  occasioned  by  prussiate  of  potassa  is 
reddish  brown;  if  iron  is  present,  it  will  be  green. 

Aluminates,  The  fusion  with  carbonated  alkali  is  incomplete; 
the  product  insoluble  in  water,  and  often  difficult  of  solution  in 
muriatic  acid.  No  ])reeipitate  is  produced  by  evaporation.  With 
ammonia  the  solution  yields  a  gelatinous  precipitate,  which  re^ 
dissolves  on  the  addition  of  potassa.  The  precipitate  becomes  of  a 
beautiful  blue  colour  on  being  heated  with  nitrate  of  cobalt. 

The  Metals  which  have  been  mentioned  as  occurring  in  a  native 
state,  may  be  known  by  the  following  characters: — 

Silver.  Colour,  white;  soluble  in  nitric  acid,  the  solution 
yielding  with  muriatic  acid,  or  a  chloride,  a  precipitate,  insoluble  in 
acids  but  soluble  in  ammonia. 

Bismuth,  Colour,  reddish-white;  soluble  in  nitric  acid,  the 
solution  yielding  a  white  precipitate  with  water.  Calcination  on 
charcoal^  or  in  a  tube,  produces  an  oxide,  not  volatile,  inclining  to 
yellow,  which  communicates  no  colour  to  the  flame. 

Iron.  Colour,  well  known;  soluble  in  nitric  acid.  The  solution 
yields  a  blue  precipitate  with  prussiate  of  potassa,  a  black  precipitate 
with  infusion  of  galls. 

Copper.  Colour,  red;  soluble  in  nitric  acid.  Solution,  bluish- 
green,  giving  with  the  fixed  alkalis  a  blue  precipitate,  and  with 
ammonia  a  bluish  precipitate,  which  redissolves  in  an  excess  of  the 
precipitant,  and  forms  a  beautiful  blue  solution. 

Palladium.  Colour,  white;  soluble  in  nitric  acid,  solution  red, 
yielding  an  olive-coloured  precipitate  with  prussiate  of  potassa,  and 
a  metallic  precipitate  with  protosulphate  of  iron. 

Gold.  Colour,  yellow;  soluble  only  in  nitro-muriatic  acid,  the 
solution  yielding  a  purple  precipitate  with  protochloride  of  tin,  and 
a  brown  precipitate  of  metallic  gold  with  protosulphate  of  iron. 
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Eleetruniy  a  native  alloy  of  gold  and  silver,  the  only  known 
Aururet^  produces  the  same  precipitates  with  the  same  reagents; 
a  precipitate  of  chloride  of  silver  taking  place  before  the  purple 
precipitate  produced  by  protochloride  of  tin. 

Platinum.  Colour,  dull  white,  soluble  only  in  nitromuriatic 
acid,  the  solution  yielding  a  yellow  precipitate  with  the  muriates  of 
potassa  and  ammonia. 

The  substances  not  referrible  to  any  of  the  preceding  are  the 
oxides  of  tin,  bismuth,  lead,  uranium,  cobalt,  and  copper,  the  cha- 
racters of  which  will  be  described  hereafter. 

Having  ascertained  the  nature  of  the  substance  acting  as  the 
negative  electric  in  a  compound  body,  we  have  next  to  determine 
the  substance  constituting  its  base  or  electro-positive  portion.  In  order 
to  accomplish  this,  it  is  necessary,  in  every  case,  that  the  mineral 
should  be  previously  brought  into  a  state  of  solution. 

The  Antimoniurets*    ^1.-^^1  ,       ..11      -.i      -^  • 

Must  always  be  attacked  with  nitric 

acid,  sometimes  with  nitromuriatic 

acid;  the  solution  must  be  carefully 

evaporated  to  dryness,  and  the  residue 

taken  up  with  water. 


Arseniurets, 
Hydrargurets, 
Seleniurets, 
Sulphurets, 


Telluriurets, 

The  Carbonates  will  dissolve  either  in  the  hot  or  in  the  cold, 
in  nitric  or  muriatic  acid. 

• 

The  Arseniates,      ^ 
Borates, 
Chlorides, 
Chromates, 
Iodides, 

Molybdates,      / 
Phosphates, 
Fluorides, 
Sulphates, 
Columbates, 
Tungstates, 

The  Silicates, 
Titanates, 
Aluminates, 


When  insoluble,  must  be  fused  with  car- 
bonate of  soda  or  potassa,  and  the  result 
treated  with  water;  the  residue  is  to 
be  dissolved  in  muriatic  acid,  the  solu- 
tion evaporated  to  dryness,  and  redis- 
solved  in  water. 


Must  be  fused  with  carbonate  of  soda  or 
potassa ;  the  result  will  dissolve  imme- 
diately in  muriatic  acid,  is  to  be  evapo- 
rated to  dryness,  and  taken  up  by  water. 


All  substances  soluble  in  water  are  to  be  dissolved  in  that  liquid. 

Substances  0/ the  first  Series. 
The  only  bases  hitherto  known  in  compounds  of  this  kind,  are : 
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Ancnloy 

Tin, 

Lead, 

Antimony, 

Molybdenum, 

Copper, 

Gadmiam, 

Bismuth, 

Iron, 

Manganese, 

saver, 

Mckcl, 

Cobalt, 

Mercury, 

Zinc. 

Anenio,  antimony,  tellurium,  and  selenium,  in  however  small 
quantity  they  may  be  present,  will  have  been  already  discovered  by 
the  experiments  made  to  determine  the  order  of  compound  to  which 
the  mineral  belonged.  We  may  first  proceed  to  try  for  cadmium, 
manganese,  and  cobalt,  so  as  to  render  it  unnecessary  to  test  for 
them  in  solution. 

Cadmium.  Heated  on  charcoal  it  produces  a  circle  of  red  or 
orange-yellow  powder,  however  small  the  quantity  of  it  which  the 
mineral  may  contain. 

Manffanese^  when  fused  with  carbonate  of  soda  on  platinum  foili 
produces  a  green  substance,  which  acquires  a  bluish  tint  on  cooling. 

CobaU^  after  being  roasted  with  borax  in  the  reducing  flame, 
gives  a  deep  blue  glass. 

Nitric  aoid,  in  acting  on  the  substances  now  under  consideration, 
reduces  them  to  the  state  either  of  an  oxide  or  an  acid.  The  oxides 
of  tin,  antimony,  and  molybdenum,  are  precipitated  as  they  form, 
at  the  bottom  of  the  matrass,  and  may  be  distinguished  from  one 
another  by  the  following  characters: — 

Oxide  of  Tin  does  not  volatilize  when  heated  on  charcoal,  is 
reduced  with  carbonate  of  soda,  and  yields  a  metallic  globule  which 
is  malleable  unless,  which  sometimes  happens,  it  contains  oxide  of 
antimony.  In  that  case,  the  metallic  globule  gives  out  white  fumes, 
and  becomes  malleable  when  they  cease,  or  is  converted  into  an 
oxide  which  surrounds  the  assay. 

Antimoniaui  Acid  gives  out  white  fumes  on  the  charcoal,  and 
is  reduced  with  carbonate  of  soda  to  a  brittle  metallic  globule.  This 
globule,  when  thoroughly  roasted,  leaves  a  malleable  button,  or  a 
white  oxide  if  it  contains  tin. 

Molybdic  Acid.     See  its  characters  under  Molybdates. 

Should  the  mineral  acted  upon  by  nitric  acid  contain  sulphur 
and  lead,  part  of  the  sulphur  will  be  converted  into  sulphuric  acid, 
and  a  precipitate  of  sulphate  of  lead  will  be  formed.  The  sulphurio 
acid  of  the  sulphate  may  be  detected  by  the  characters  pointed  out 
under  that  head,  the  lead  by  the  precipitate  being  blackened  by 
sulphuretted  hydrogen. 

In  treating  an  arseniuret,  or  a  mineral  containing  arsenic, 
crystals  of  arsenic  acid  may  form  on  the  cooling  of  the  liquor,  or 
precipitates  of  arseniatesi  but  the  latter  wiU  not  take  place  so  long 
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as  the  nitric  acid  is  in  excess.    The  presence  of  arsenic  will  have 
been  determined  by  the  preliminary  experiments. 

In  treating  a  seleniuret,  or  a  mineral  containing  selenium,  we 
may  have  crystals  of  selenic  acid.  The  presence  of  selenium  will 
also  Lave  been  determined  by  the  preliminary  experiments. 

It  will  sometimes  happen,  when  we  employ  nitric  acid,  that  a 
small  quantity  of  yellow  metallic  matter  will  remain  undissolved. 
This  will  consist  of  particles  of  gold. 

This  being  premised,  we  may  proceed  to  the  examination  of  the 
solution.     It  will  contain 

Bismuth ;  if  a  drop  thrown  into  a  considerable  quantity  of  water, 
produce  an  immediate  white  cloudiness. 

Sitter;  if  a  drop  of  muriatio  acid,  or  of  a  solution  of  chloride 
of  sodium,  produce  a  white  curdy  precipitate,  soluble  in  ammonia. 

Mercury ;  if  a  portion  of  the  liquor,  treated  vrith  muriatic  acid, 
precipitate  on  a  plate  of  copper  a  gray  powder  which  acquires  by 
friction  a  silvery  lustre,  and  is  easily  Volatilized  by  the  application 
of  heat. 

Lead ;  if  a  drop  of  sulphuric  acid  or  a  solution  of  a  sulphate, 
added  to  the  same  portion  of  the  liquor,  form  a  white  precipitate, 
which  blackens  on  Uie  application  of  sulphuretted  hydrogen. 

Iron ;  if  one  portion  of  the  liquor  into  which  metallic  iron  has 
not  been  introduced,  form  a  blue  precipitate  with  ferroprussiate  of 
potassa. 

Nickel;  if  the  liquor  in  which  a  bar  of  iron  has  been  allowed  to 
remain  a  sufficient  time  to  separate  all  the  copper,  become  blue  on 
the  addition  of  anrntionia. 

Zinc;  if  one  portion  treated  with  caustic  potassa,  in  excess,  and 
filtered,  still  retain  something  which  forms  a  white  precipitate  when 
carefully  saturated  with  an  acid. 

We  may  discover  those  metals  which  have  the  property  of 
forming  double  compounds.     Thus:— 

Tunffsten  and  Columbium.  These  form  an  immediate  precipi- 
tate of  tungstic  and  columbic  acids. 

Platinum^  Gold^  Iridium.  These  will  not  be  dissolved  bjr 
nitric  acid,  but  will  be  attacked  by  nitromuriatic  acid,  and  will  be 
precipitated  with  the  mercury  by  metallic  copper. 

Rhodium  dissolves  with  difficulty  even  in  nitromuriatic  acid ; 
should  it  be  brought  into  solution,  it  will  be  precipitated  with  the 
mercury. 

Palladium  will  be  precipitated  with  the  mercury,  and  will  yield 
a  metallic  precipitate  with  protosulphate  of  iron. 

Uranium.    The  solution,  treated  with  carbonate  of  soda  in 
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excess,  will  yield  a  precipitate  on  tbe  addition  of  an  acid.  This 
precipitate,  redissolved  by  the  acid,  will  afford  a  red-coloured  precipi- 
tate, with  ferroprussiate  of  potassa. 

Cerium^  soluble  only  in  nitromuriatic  acid,  is  precipitated  white 
by  ferroprussiate  of  potassa,  and  also  by  the  alkalis  and  hydrosul- 
phuret  of  potassa. 

Substances  of  the  other  Series. 

The  solutions  of  substances  of  these  series  may  contain  nearly 
all  the  oxides;  but  it  must  be  observed,  that  we  do  not  find,  and  that 
it  does  not  appear  possible  to  find  in  them,  gold,  platinum,  palla- 
dium, rhodium,  and  iridium,  since  these  bodies  are  so  little  liable  to 
oxidization.  We  never  meet  with  more  than  a  small  number  of 
oxides  united  in  the  same  mineral ;  but  to  avoid  too  much  detail, 
all  that  can  be  met  with  will  be  supposed  to  be  present  in  the  same 
solution,  viz.: — 

Cadmium,  Copper,  Glucina, 

Manganese,  Nickel,  Zirconia, 

Cobalt,  Iron,  Uranium, 

Chromium,  Lead,  Zinc, 

Lithium,  Baryta,  Lime, 

Ammonia,  Strontia,  l^Iagnesia, 

Bismuth,  Alumina,  Potassa, 

Silver,  Yttria,  Soda. 
Mercury, 

We  first  ascertain  by  preliminary  experiments,  as  before,  whether 
tlie  mineral  contain  cadmium,  manganese,  and  cobalt;  we  deter- 
mine also  when  it  is  not  a  chromate,  whether  it  contain  oxide  of 
chromium,  and  whether  lithia  and  ammonia  are  to  be  found  in  it. 

Oicide  of  Chromium.  The  mineral  treated  with  carbonate  of  soda 
on  platinum  foil  forms  a  green  substance  in  the  reilucing  flame, 
which  becomes  yellow  in  the  oxidizing  flame. 

Lithia.  The  mineral  being  reduced  to  powder,  and  treated 
with  soda  on  platinum  foil,  the  disengagement  of  lithia  will  produce 
on  the  metal  a  yellowish  brown  stain  round  the  fused  mass;  on 
removing  the  stain  with  water,  it  will  be  found  that  the  metal  is 
corroded. 

Ammonia.  This  alkali  is  only  found  in  the  soluble  salts.  On 
mixing  these  salts  with  a  little  caustic  potassa  or  soda,  the  presence 
of  ammonia  is  indicated  by  a  sharp  and  urinous  odour. 

These  preliminary  trials  having  been  made,  we  proceed  to  the 
other  substances: — 

Bismuth  may  be  detected  by  the  addition  of  water,  either  to  the 
acid  liquor  in  which  the  carbonates  were  dissolved,  or  to  the  residue 
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of  evaporation  which  waB  taken  up  in  water.  Silver,  mercury, 
copper,  nickel,  and  iron,  may  he  detected  by  the  reagents  before 
described. 

We  have  now  only  to  attend  to  other  substances,  the  characters 
of  which  we  are  about  to  point  out. 

Oxide  of  Lead^  Baryta^  Strontian.  A  drop  of  sulphuric  acid, 
or  of  a  sulphate,  produces  a  white  precipitate  in  the  solution;  that 
of  Lead  is  immediately  blackened  by  the  vapour  of  sulphuretted 
hydrogen, — that  of  Baryta  is  not  blackened  by  it,  and  precipitation 
takes  place,  however  dilute  the  solution, — ^that  of  Strontian  is  not 
blackened  by  the  sulphuretted  hydrogen,  but  it  does  not  form  in  a 
dilute  solution. 

After  these  experiments,  ammonia  is  to  be  added  in  excess. 
The  substances  then  divide  into  two  classes,  one  of  which  is  preci- 
pitated^ the  others  remain  in  solution. 

Substances  precipitated.  In  the  precipitate  we  are  to  look  for 
uranium,  alumina,  glucina,  yttria,  cerium,  and  zirconia.  The 
precipitate  is  to  be  exposed  to  the  air  for  some  time,  and  then 
agitated  in  water,  which  is  to  be  divided,  while  troubled,  into  four 
portions.  The  different  substances  contained  in  it  may  be  discri- 
minated in  the  following  manner : — 

Uranium  is  present  if  carbonate  of  potassa,  dissolved  in  one 
portion  of  the  water,  take  up  any  of  the  substances  held  in  suspen- 
sion, and  if  the  liquid,  after  being  filtered  and  saturated  with  an 
acid,  yield  a  blood-red  precipitate  with  ferroprussiate  of  potassa. 

Yttria  and  Glucina  are  present  if  carbonate  of  ammonia,  dis- 
solved in  one  portion  of  the  water,  take  up  any  of  the  suspended 
matter.  If  the  liquid  yield  a  precipitate  with  caustic  soda  in  excess, 
after  being  saturated  with  an  acid,  it  will  be  yttria.  Glucina  so 
treated  yields  no  precipitate.  If,  after  the  separation  of  the  yttria, 
the  supernatant  liquor  contain  anything,  it  will  be  one  or  other  of 
those  earths. 

Alumina  and  Glucina.  If  caustic  soda,  added  to  a  third  portion 
of  the  water,  take  up  anything,  these  earths  will  bo  present  :— 
Alumina^  if  the  solution,  saturated  with  an  acid,  yield  a  precipitMe 
with  carbonate  of  ammonia  in  excess;  Glucina^  if  no  precipitate 
take  place;  either  of  them^  if  the  supernatant  liquor  contain  any- 
thing after  the  separation  of  the  alumina. 

Cerium  and  Zirconia.  If,  on  adding  an  acid  to  a  fourth  portion 
of  the  water  to  dissolve  the  matter  held  in  suspension,  oxalate  of 
ammonia  cause  a  precipitate,  these  earths  will  be  present: — Ceriumy 
if  the  precipitate  become  brown  by  calcination,  and  give  with  borax 
a  glass  red  or  deep  orange  while  hot,  yellow  when  cold ;  Zirconia^ 
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if  the  preoipitate  give  out  a  bright  light  during  calcination,  and 
yield  a  white  opaque  glass  with  borax ;  either  of  ihem^  if,  after 
being  well  calcined,  an  acid  dissolve  one  part  of  the  precipitate  and 
leave  another,  which  is  zirconia. 

The  Ammoniacal  Liquor.  After  having  examined,  in  the  above 
manner,  the  precipitates  produced  by  caustic  ammonia,  we  proceed 
to  determine  the  nature  of  the  substances  remaining  in  the  solution. 
It  may  contain  zinc,  lime,  magnesia,  lithia,  soda,  and  potassa, 
which  we  test  for  thus  :— 

Lime  is  immediately  precipitated  by  oxalate  of  ammonia,  and 
the  precipitate,  after  calcination,  reddens  turmeric  paper. 

Nickel  and  Cobalt  are  sometimes  precipitated  at  the  same  tima, 
but  neither  of  them  change  the  colour  of  turmeric  paper. 

Zine,  If  the  liquor,  being  evaporated,  and  the  residue  taken 
up  by  an  acid,  the  new  solution  treated  with  caustic  soda  in  excess, 
retain  anything  which  will  yield  a  white  preoipitate  on  being 
cautiously  saturated  with  an  acid,  it  is  zinc. 

Maffneeia  is  present,  if,  on  evaporating  the  liquor  to  dryness, 
and  taking  up  the  residue  with  an  acid,  the  new  solution,  treated 
with  hydrosulphuret  of  potassa  and  filtered,  give  a  precipitate  with 
soda. 

After  these  trials  nothing  but  lithia,  soda,  and  potassa,  can  exist 
in  the  compound  examined.  These  alkalis  are  found  in  the  soluble 
salts  or  in  the  silicates.  To  discover  them  in  the  latter  it  is  neces- 
sary, if  they  are  not  soluble  in  acids,  to  fuse  them  with  nitrate  of 
baryta,  to  pulverize  the  fused  mass,  and  to  digest  it  in  nitric  acid. 
Having  by  these  means,  or  by  direct  solution  (when  practicable)  in 
water,  or  an  acid,  obtained  a  solution  to  which  none  of  the  three 
alkalis  has  been  added^  we  precipitate  all  that  is  susceptible  of  pre- 
cipitation by  carbonate  of  ammonia.  After  filtering  the  liquid,  it  is 
evaporated,  and  the  residue  calcined  till  it  ceases  to  give  out 
vapours.  If  then  there  remain  anything  in  the  capsule  soluble  in 
water,  it  will  be  one  of  the  three  alkalis  which  are  distinguished 
by  the  foUowing  characters: — 

Lithia.  The  concentrated  solution  yields  a  precipitate  with  car- 
bonate of  soda.  The  precipitate  corrodes  platinum  in  the  manner 
before  described. 

Potassa.  The  solution  yields  a  yellow  precipitate  with  chloride 
of  platinum. 

Soda  exhibits  neither  of  these  characters.  If  the  three  alkalis 
be  present  together,  the  first  and  second  may  be  detected  by  the 
above  process, — as  for  the  soda,  it  must  be  converted  into  a  sulphate, 
evaporated  gently,  and  allowed  to  form  crystals.     Its  presence  may 
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then  be  known  by  the  efflorescence  of  its  sulphate,  A^hich  after  some 
days  exhibits  small  white  points  among  the  other  crystals. 

Operatians  to  be  followed  in  more  simple  cases. 

We  have  supposed,  in  the  preceding  analysis,  the  oxides  which 
are  found  in  different  combinations  to  be  all  present  in  the  same 
solution.  This  has  shortened  the  description,  which  would  other- 
wise have  required  a  number  of  divisions  for  the  different  cases 
which  might  arise,  but  the  problem  has  thus  been  rendered  more 
complicated  than  usual.  In  fact  it  is  rare  to  find  six  or  seven  bases 
in  the  same  compound ;  we  seldom  meet  with  more  than  two  or 
three,  and  sometimes  not  more  than  one.  The  research  thus 
becomes  more  easy,  since  it  is  not  necessary  to  dissolve  the  preci- 
pitates, and  since  each  drop  of  the  solution  indicates  if  a  certain 
body  exist  or  does  not  exist  in  it.  We  will  give  some  examples. 
It  must  first  be  remarked  that  uranium,  yttria,  glucina,  cerium, 
and  zirconia,  are  of  rare  occurrence,  and  that  there  are  only  certain 
minerals,  and  those  for  the  most  part  having  peculiar  characters,  in 
which  they  are  found.  It  follows  that,  in  ordinary  cases,  after 
testing  by  the  easy  process  indicated  above  for  oxide  of  lead,  for 
baryta  and  strontia,  we  have  only  to  determine  the  presence  of  lime, 
alumina,  oxide  of  zinc,  magnesia,  and  the  alkalis.  Proceeding 
then  with  the  portion  of  the  solution  treated  with  sulphuric  acid, 
or  a  soluble  sulphate,  we  may  know  that  it  contains: 

Lime^  if  it  form  a  precipitate  with  oxalate  of  ammonia. 

Alumina^  or  Oxide  of  Zinc^  if,  when  treated  with  an  excess  of 
soda,  it  retains  anything  in  solution  which  is  precipitated  when 
carefully  saturated  with  an  acid.  Alumina  is  present  if  the  solu"* 
tion,  on  being  supersaturated  with  an  acid,  so  as  to  dissolve  the 
precipitate,  yield  a  new  white  flocculent  precipitate  at  first,  which 
dissolves  soon  after. 

Magnesia  may  be  known  by  forming  a  precipitate  with  soda  or 
potassa,  after  being  treated  with  a  hydrosulphuret  of  ammonia  and 
filtered. 

If  the  substance  under  analysis  contain  none  of  the  metals  dis- 
covered before  the  lead,  baryta,  and  strontia,  the  research  will  be 
still  more  simplified.  After  having  treated  it  with  sulphuric  acid, 
or  a  sulphate,  we  may  immediately  detect, 

Lime^  by  oxalate  of  ammonia ; 

Magnesia^  by  soda ; 

Alumina^  by  ammonia,  which  then  gives  a  white  flocculent  pre- 
cipitate. 
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CHAPTER  VIII. 

'    MATERIALS  COMPOSING  THE  CRUST  OF  THE  EARTH. 

Simple  minerals  entering  into  the  composition  of  rocks — quart'* 
felspar —  clinkstone — daystone — mica  — talc — chlorite  —  ham^ 
blende  —  augite — actinolite — hypersthene — diallage — steatite — 
serpentine — carbonate  of  lime — carbonate  of  magnesia — bitterspar 
— dolomite — sulphate  of  lime — bitumen — oxide  of  iron — sulphuret 
of  iron — schorl — chiastolite — garnet. 

In  treating  of  the  different  formations  of  geology,  we  shall  take 
them  in  the  ascending  order,  beginning  with  the  unstratiiied  rocks ; 
granite,  one  of  the  principal  of  these,  being  the  lowest  rock  met 
with,  and  the  most  generally  diffiised.  We  shall  then  proceed  to 
the  stratified  rocks,  commencing  with  the  most  ancient.  Since  the 
classification  of  the  unstratified  rocks  depends  on  their  mineral 
character,  it  will  be  necessary  first  to  make  the  student  acquainted 
with  those  simple  minerals  of  which  they  are  composed. 

The  following  list  comprehends  all  that  are  absolutely  necessary 
to  be  known  by  the  young  geologist.  Those  which  are  of  most 
common  occurrence,  and  enter  most  largely  into  the  composition  of 
rocks,  are  placed  at  the  head  of  the  list.  The  last  three  generally 
occur  sparingly,  disseminated  through  certain  rocks^  and  are  only 
occasionally  present  in  sufficient  quantity  to  be  considered  as  essential 
ingredients :— 

Quartz,  Auoite,  Dolomite, 

Felspar,  Actixolite,  Sulphate  of  Lime, 

Compact  Felspar,  IIfperstheke,  Bitumen, 

Clinkstoxe,  Diallage,  Oxide  of  Iron, 

ClaystonEi  Steatite,  Sulphuret  of  Iron,    • 

Mica,  Serpentixe,  Schorl, 

Talc,  Carbonate  of  Limb,  Chiastolite, 

Chlorite,  Carbonate  of  Maonesia^  Garnet. 

Hornblende,  Bitterspar, 

Quartz. 

This  mineral  is  nearly  pure  silicic  acid.  It  occurs  under  the  fol- 
lowing forms: — Compact  in  veins  and  quartz  rock; — as  nodules,  in 
amygdaloidal  rocks;  —  as  rolled  masses,  in  conglomerates ;— as 
rounded  grains  in  sandstones,  some  kinds  of  quartz  rock,  and  coarse 
clay  slate ; — crystallized  in  the  substance  of  granite,  porphyritic, 
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and  other  unstratifiecl  rocks.  The  commonest  forms  of  the  crystals 
are  six-sided  pyramids,  and  six-sided  prisms,  terminated  by  six-sided 
pyramids.  Quartz  crystals  may  be  cleaved,  though  with  great 
difficulty,  parallel  to  all  the  faces  of  the  common  crystal,  producing 
a  rhomboid,  which  is  the  primitive  form. 

The  following  are  the  external  characters.  Fracture^  com- 
monly  couchoidal.  Lustre^  vitreous,  inclining  in  some  varieties 
to  resinous.  Transparency^  of  various  degrees,  from  quite  trans- 
parent to  translucent  or  opaque.  Hardness :  scratches  glass,  does 
not  yield  to  the  knife ;  when  compact  enough,  gives  sparks  with 
steel.  Potcder^  white.  Phosphorescence:  some  varieties  yield 
a  phosphorescent  light,  and  an  empyreumatic  odour  when  rubbed. 
Specific  gravity^  2*6  to  2*7.         Before  the  blow-pipe^  infusible  alone. 

Crystals  of  quartz  often  enclose  foreign  bodies,  such  as  water, 
air,  chlorite,  bitumen,  crystals  of  titanite,  &c.  They  also  acquire 
various  shades  of  colour  from  minutely-divided  foreign  matter,  inti- 
mately blended  in  their  composition.  The  following  are  the  names 
by  which  some  of  the  varieties  of  coloured  quartz  are  known. 

Rock  Crystal.  This  name  is  given  to  the  most  perfectly  trans- 
parent crystallized  specimens,  and  to  some  transparent  or  semitrans- 
parent  massive  varieties.  The  finest  specimens  are  from  the  Alps  of 
Salzburg,  the  Tyrol,  Switzerland,  Dauphiny,  Piedmont,  Madagascar, 
Ceylon,  and  Brazil. 

Milk  Quartz.  Opaque  quartz,  both  massive  and  crystallized, 
nearly  of  the  colour  of  milk.  The  crystals  of  this,  and  of  all 
coloured  varieties  of  quartz,  are  more  regular  in  their  forms  than 
those  of  transparent  quartz. 

Rose  Quartz.  A  variety  of  milk  quartz,  both  crystallized  and 
massive,  translucent,  and  of  a  rose-red,  supposed  to  derive  its  colour 
from  manganese.  The  finest  and  most  transparent  varieties,  which 
are  cut  and  polished,  and  are  known  among  jewellers  as  Bohemian 
rubies^  are  from  Bohemia,  Bavaria,  and  Siberia.  The  varieties 
approaching  milk  quartz  are  from  Norway,  France,  and  Spain. 

Amethyst.  Colour,  various  shades  of  violet  and  purple,  the 
colouring  matter  being,  in  all  probability,  manganese  and  iron.  The 
finest  specimens  are  from  Brazil,  Ceylon,  India,  Siberia,  Persia,  and 
Spain.  It  is  found  also  less  transparent  and  well  coloured  in  almost 
every  country  of  Europe.  British  Localities:  Several  of  the 
mines  of  Cornwall ;  the  traps  of  Fifeshire,  and  of  Kinnoul  Hill,  in 
Scotland ;  the  neighbourhood  of  Cork,  and  Achil  Island,  county  of 
Mayo,  Ireland. 

Yellow  Quartz.  The  Bohemian  Topaz,  of  various  shades  of 
yellow,  and  nearly  transparent,  is  found  chiefly  in  Bohemia ;  also  in 
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Bonio  of  the  mines  in  Cornwall;  and  with  brown  quarts  at  CSaim- 
gorni,  in  Aberdeenshire. 

Brown  or  Smoke  Quartz,  or  Cairxoorh,  is  found  in  several 
parts  of  Europe ;  some  fine  crystals,  of  various  shades,  are  from 
alhivial  soil  near  Cairngorm,  whence  one  of  its  names. 

Prase.  Quartz  coloured  leek-green,  by  an  admixture  of  chlorite, 
from  Breitenbrun,  in  Saxony ;  also  from  lona,  one  of  the  Hebrides. 

AvANTURiNR.  Quartas  enclosing  mica.  The  finest  varieties  are 
from  Spain,  and  are  of  a  reddish  colour,  enclosing  spangles  of  mica 
of  a  golden  hue.  It  is  found  in  Glen  Ferrat,  in  Scotland,  of  a  fine 
bluish-gray  colour. 

Ferruginous  Quartz,  or  Eisenkrest.  Colour,  different  shadei 
of  red  and  yellow,  derived  from  a  small  portion  of  oxide  of  iron. 
It  occurs,  both  crystallized  <ind  massive,  in  Bohemia,  Franeonia,  the 
Hartz  mountains,  and  Altenberg,  in  Saxony.  *  British  Localities  : 
Bristol ;  trap  rooks  near  Dunbar ;  and  Rathlin  Island,  on  the  coast 
of  Antrim.  A  fine  crystallized  variety  called  the  Hyacinth  of  Couk- 
postella^  occurs  near  Compostella,  in  Spain,  and  in  Washington 
county.  North  America. 

Irisated  Quartz.  Shows  a  prismatic  play  of  colours,  either 
superficial  or  internal.  The  former  is  occasioned  by  the  deposit  of 
some  metallic  oxide,  the  latter  by  the  refraction  of  light  in  conse- 
quence of  fissures  in  the  crystal . 

Fibrous  Quartz.  Common  quartz  sometimes  show*s  a  columnar 
composition.  If  these  columns  bo  thin,  parallel,  strongly  coherent, 
and  more  or  less  bent,  the  variety  is  called  fibrous  quartz.  If  they 
are  nearly  impalpable,  and  scarcely  to  be  obsen'ed,  except  in  the 
opalescent  light  exhibited  when  cut  with  a  convex  surface,  the 
frpeeinien  is  called  cafs-etfe. 

Chert,  or  Hornstone,  Flint,  Flinty  Slate,  Lydian  Stone,  Calce* 
dony.  Cornelian,  Agate,  Chrysoprase,  Plasma,  Heliotrope,  and 
Jasper,  are  massive  varieties  of  quartz,  occasioned  by  differences  in 
the  size  and  mode  of  aggregation  of  the  component  parts,  or  by 
the  admixture  of  other  earths.  Jasper  consists  of  quartz,  alumina, 
and  oxide  of  iron,  and  sometimes  constitutes  beds  of  considerable 
extent. 

Next  to  quartz  and  oxide  of  iron  this  is  the  most  generally  dif- 
fused of  any  mineral.  It  occurs  in  rhomboidal  crystals,  in  granite, 
porphyry,  trachyte,  and  basalt ;  in  composite  crystals  in  cavities  in 
granite ;  in  rolled  crystals  in  conglomerates ;  decomposed  in  porce- 
lain clay;    and   in   some  granites  and  sandstones.     It  admits  of 
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cleavage,  with  greater  or  leas  faoilitj,  into  an  aoute-angled  parallelo* 
pipedon,  which  is  considered  the  primary  form. 

Fracture^  in  one  direction  lamellar;  cross  fracture  uneven. 
Lustre^  vitreons,  inclining  to  pearly  on  the  lamellar  fracture— that 
of  the  cross  fracture  glimmering.  Hardness:  scratches  glaiss; 
yields  with  some  difficulty  to  the  knife.  Colour :  the  prevailing 
colour  is  white ;  sometimes  flesh-red,  and  green.  Streaky  white 
or  grayish.  Specific  gravity^  2*64.  Composition^  according  to 
an  analysis  by  Klaproth,  of  common  felspar  from  Carlsbad, — silica 
64'50,  alumina  19*75,  potassa  11*50,  lime  a  trace,  oxide  of  iron 
1*75,  water  •75.  Chemical  characters:  gives  out  no  water  when 
heated ;  fuses  before  the  blow-pipe  into  a  white  enamel ;  is  inso- 
luble in  acids.  The  solution  of  it  when  treated  with  nitrate  of 
baryta,  nitric  acid,  and  carbonate  of  ammonia,  leaves  on  evaporation 
an  alkaline  residue,  which  yields  a  precipitate  with  chloride  of 
platinum,  and  gives  few  or  no  efflorescent  crystals  with  sulphuric 
acid. 

Labradoritb,  or  Opalescent  Felspar,  is  of  a  smoke-gray  colour, 
and  affords  beautiful  and  varied  tints  of  blue,  green,  red,  and 
yellow,  when  viewed  in  particular  directions.  Structure^  lamellar. 
Transparency^  translucent  at  the  edges.  Lustre^  glimmering. 

Composition:   it  differs  from  common  felspar  in  containing  soda 
instead  of  potassa. 

Albite  ;  Soda  Felspar.  Before  the  blow-pipe  and  with  acids ^ 
has  the  same  characters  as  the  last.  Its  solution  after  fusion  with 
nitrate  of  baryta,  when  treated  with  carbonate  of  ammonia,  gives  an 
alkaline  residue,  which  forms  efflorescing  crystals  of  sulphate  of  soda 
with  sulphuric  acid. 

Compact  Felspar. 

The  substance  called  compact  felspar  appears  to  require  some  other 
name.  It  approaches  in  coinposition  nearer  to  Labradorite  than  to 
the  common  felspar,  and  contains  soda  as  well  as  potassa.  It  occurs 
in  large  masses,  both  as  a  simple  rock,  and  entering  as  an  ingredient 
into  a  number  of  compound  rocks.  As  a  simple  rock  it  is  thus 
described  by  Dr.  M*CuUoch : — "  Colour,  various  shades  of  green, 
brown  red,  pale  gray,  white,  dark  gray,  purple,  and  black.  The 
fracture  is  compact,  uniting  the  small  splintering  with  the  flat  or 
imperfectly  conohoidal.  It  is  less  hard  than  quartz,  but  resists 
ordinary  steel.  It  generally  possesses  a  peculiar  aspect  on  the  sur- 
face, resembling  that  of  wax,  which  is  highly  characteristic ;  and  It 
may  assist  beginners  to  say  that,  except  in  hardness  and  refusing  to 
effervesce  with  acids,  it  very  strongly  resembles  in  external  charac- 
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ters,  many  of  the  compact  and  smooth  varieties  of  limestone *.'*^  It 
occurs  in  gneiss  in  large  flattened  masses  or  beds  like  the  beds  of 
limestone  in  the  same  situation,  and  in  smaller  lumps,  or  contem- 
poraneous veins,  as  they  are  sometimes  called,  originating  and  ter- 
minating in  the  mass  in  which  they  lie ;  also  as  single  laminse  in 
gneiss  possessing  the  granitic  or  schistose  character.  It  constitutes 
likewise  the  basis  of  many  of  the  trap  family  of  rocks.  Rocks  con- 
sisting principally  of  compact  felspar,  may  be  known  by  the  whito 
appearance  they  assume  on  a  weathered  surface. 

Dr.  M'Culloch  has  remarked  that,  in  the  trap  family,  the  predo- 
minant substance  is  a  simple  rock,  at  one  extreme  of  which  may  be 
placed  wacke,  or  indurated  clay,  and  at  the  other  compact  felspar, 
the  intermediate  members  being  cla^'stone  and  clinkstone. 

Clinkstone — Phonoute. 

This  mineral  constitutes,  as  we  have  before  observed,  simple 
rocks,  which  are  massive,  columnar,  or  with  a  thick  slaty  structure. 
Fracture^  even  or  imperfectly  conchoidal,  sometimes  splintery.  It 
assumes  a  granular  appearance  by  weathering,  and  is  destitute  of 
the  waxy  appearance  of  compact  felspar,  which  it  much  resembles. 
It  yields  with  greater  or  less  facility  to  the  knife,  as  it  passes,  on 
the  one  hand,  into  compact  felspar,  and  on  the  other  into  claystone. 
It  is  of  various  colours.  It  emits  a  ringing  metallic  sound  when 
fctruck  by  a  hammer,  whence  its  name.  This,  however,  is  by  no 
means  a  distinctive  character,  as  it  is  possessed  by  many  other  rocks, 
and  by  Eonie  in  a  much  higher  degree.  Clinkstone  is  composed 
principally  of  compact  felspar. 

Claystone. 

This  substance  forms  the  whole  of  some,  and  the  greater  portion 
of  many  other  rocks.  It  occurs  in  various  degrees  of  induration,  from 
wackc,  the  softest  of  the  trap  family,  to  jasper  and  siliceous  schist, 
the  hardest  of  rocks. 

Mica. 

This  mineral  occurs  confusedly  crystallized  as  one  of  the  con- 
stituents of  granite,  gneiss,  and  mica  slate,  and  as  nodules  and  con- 
cretions in  those  rocks ;  crj^stallized  in  hexagonal  plates  in  granite, 
porphyrj',  lava,  and  primary  limestone ;  as  abraded  scales  in  sands, 
sandstones,  shales,  and  clays.  Its  primary  form  is  considered  to 
be  a  right  rhomboidal  prism,  the  angles  of  which  are  60°  and  120^ 

*  MTuLLOCU*s  CkissificatUm  qf  Rackt^ 
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Colour^  various  shades  of  white,  yellow,  green,  brown,  and  occasionally 
black.  Cleanage:  mica  is  easily  divided  parallel  to  the  terminal 
planes  of  its  crystals.  Fracture^  scarcely  observable,  uneven. 
Lmtre^  vitreous,  pseudo-metallic.  Transparency:  sufficiently  trans- 
parent in  thin  plates  to  be  used  as  a  substitute  for  glass.  Touchy 
smooth,  but  not  unctuous.  Hardness:  yields  readily  to  the  knife, 
but  the  edges  of  the  crystals  will  scratch  glass  Powder^  grayish- 
white.  Elasticity :  this  quality  distinguishes  it  from  talc,  ^ich 
is  flexible,  but  not  elastic.  Specific  gravity  about  2*0  to  2*5. 
Before  the  blow-pipe^  mica  from  diflTerent  localities  varies  considerably 
in  its  pyrognostic  characters,  but  is  in  general  fusible  with  difficulty 
into  a  gray  or  black  enamel.  Composition :    the   analyses  of 

several  varieties  of  mica  from  different  localities,  by  Klaproth, 
Rose,  and  Peschier,  give  very  different  results,  as  will  be  seen  from 
the  following  table*: — 


Inorbdients. 

Mica  from 
Zinntnrald. 

From  Siberia. 

Prom  SL 
Oothard. 

From 
Kimito. 

Alumina    

Silica  

20-00 

4700 

15-50 

0*00 

1*75 
0*00 
0*00 
14*50 
0*00 

34-25 
48*00 
4*50 
0*00 
a  trace. 
0-50 
0*00 
8*75 
000 

22-00 
40-25 
8-75 
1300 
2*00 
0*00 
1-75 

7*25 
3*24 

000 

10*50 

26-50 

25-40 

25-25 

000 

000 

0-00 

000 

36*80 
46*36 
4*53 
0*00 
0  00 
a  trace. 
0*00 
9-22 
1-81 

Oxido  of  iron  

Oxide  of  titanium    . . . 
Oxide  of  manganese  . 

Magnesia  

Lime 

Potassa 

Flaoric  acid  and  water 

Klaproth. 

Klaproth. 

Peschier. 

Peschier. 

Rose. 

Talc. 

Talc  is  very  closely  allied  to  mica ;  it  occurs  crystallized  in  some 

granites,  massive  and  earthy  in  veins  in  talcose  schists  and  primary 

limestones. 

Crystallized  Talc.    Form  of  crystals^  hexagonal  tables.     The 

primary  is  a  right  rhomboidal  prism  of  120°  and  60®,  according  to 

Haiiy.       Structure^  lamellar,  the  laminae  easily  separated.       Colour^ 

silver  white,  yellowish,  and  of  various  shades  of  green.         Lustre^ 

splendent,    pearly.  Transparency^    translucent.  Hardness^ 

yields  to  the   nail,   soft,   sectile.        Flexibility^  flexible,   but  not 

elastic.         Streaky  leaves  a  pearly  white  streak  when  drawn  over 

paper.         Touchy  unctuous.        Specific  gravity^  2*8.         Before  the 

blow-pipe  specimens  from  different   localities  vary  much  in  their 

habitudes.      In   the  matrass,   talc  gives  off  water,  whitens  and 

•  From  Mouses  Treatise  on  Mineralogy, 
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exfoliates,  but  does  not  fuse ;  bnt  some  varieties  jield,  with  diffi- 
culty, a  white  enamel,  attackable  by  nitrib  acid.  Compo$itiim. 
This  likewise  varies  with  the  locality  of  the  specimen.  According 
to  Klaproth,  it  consists  of  silica  61*00,  magnesia  30*55,  potassa 
2'75,  oxide  of  iron  2'50.  The  analysis  of  Vauqnelin,  afibrded  no 
potassa. 

Massive  Talc  is  less  flexible  and  tnmsluoent  than  common  talc. 
Colour,  apple-green.  Strutinrf,  sometimes  radiated.  It  consti- 
tutes extensive  beds  in  mica,  schist,  gneiss,  and  serpentine.  BriHih 
Localities:  Banflshire  and  Aberdeenshire;  also  Glen  Tilt,  in 
Perthshire ;  Lizard  Head,  Kyans  Cove,  and  Porthallo,  in  ComwalL 

Indurated  Talc,  massive.  Cdomty  greenish  gray.  Struc- 
ture^ schistose  and  cur\*ed,  shining.  Lu^re^  pearly,  somewhat 
translucent.  Touchy  soft  and  unctuous.  Specific  gratity^  2*9. 
Britii^h  Localities:  Perthshire,  Bani&hire,  the  Shetland  Isles,  and 
the  Lizard  in  Cornwall. 

Chlorite. 

Chlorite  occurs  crystallized  in  veins  and  in  cavities  in  granite, 
&c.,  enclosed  in  crystals  of  quartz*  felspar,  and  other  minerals,  in  such 
quantities  as  to  impart  a  green  colour  to  them,  sometimes  coating 
the  surface ;  massive  in  chlorite  schists  and  clav  slates. 

Crystallized  Chlorite.  Form^  flat  six-sided  prisms,  divisible 
into  thin  laminae  parallel  with  their  terminating  planes.  Colour^ 
dark  green,  yellowish  green,  and  grayish.  Lustre,  shining, 
between  pearly  and  vitreous.  TrattspareNcy^  opaque.  Fracture^ 
uneven.  Uardfuss,  yields  to  the  nail.  Poicder,  greenish-gray. 
Touch,  unctuous.  Odour^  yields  an  earthy  smell  when  breathed 
upon.  Before  the  blow-pipe,  in  the  matrass  alone,  gives  off  water, 
and  afterwards  fluoric  acid,  known  by  its  turning  Brazil-wood  paper 
yellow,  and  by  depositing  silica  on  the  glass.  On  charcoal  alone  it 
melts  into  a  black  globule  with  a  dull  surface.  With  borax^  gives 
a  ;:recn  glass;  with  microcosmic  salt,  decomposes,  forming  a  glass 
coloured  by  iron,  and  leaving  a  skeleton  of  silica.  With  soda^ 
neither  fuses  nor  intumesces,  but  the  assay  is  rounded  on  the  edges, 

]']arthy  Chlorite  occurs  in  friable  or  loosely  aggregated  grains, 
adhering  or  incrusting. 

Common,  or  Massive  Chlorite,  is  the  same  as  the  last,  but  the 
grains  are  more  closely  united,  of  a  weakly  glimmering  lustre  and 
earthy  texture. 

White  Silvery  Chlorite.  Pearly,  greenish-white  scales,  occur* 
ring  in  masses,  but  adhering  so  slightly  as  to  be  separated  by  the 
finger. 
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Chlorttb  Slate.  Structure^  slaty,  of  a  glistening  resinous  lustre. 
It  occurs  in  beds  in  St.  Gothard,  Saltzburg,  Sweden,  Corsica,  Jura, 
Anglesey,  and  part  of  Caernarvonshire. 

Orben  Earth,  a  variety  of  chlorite,  found  in  small  globular 
masses,  lining  cavities  in  amygdaloidal  trap.  Colour,  grayish  or 
bluish  green,  passing  into  blackish  green.  LustrCy  dull.  Frao- 
ture^  generally  earthy.  Hardness,  yields  to  the  nail.  It  is  found 
in  Saxony,  Bohemia,  near  Verona,  Kinnoul  Hill,  near  Perth,  and 
in  the  amygdaloidal  traps  of  the  county  of  Antrim. 

The  greenish  masses  in  the  sand  beneath  the  chalk  of  England, 
known  by  the  name  of  the  Green  Sand,  are  considered  to  belong  to 
a  variety  of  this  mineral.  The  following  table  shows  the  difference 
in  composition  of  some  of  these  chloritic  minerals,  according  to  the 
analysis  of  Vauquelin. 


Earthy 

Slaty 

Green 

Chlorite. 

Chlorite. 

Earth. 

Silica        -        -        - 

-    26-00 

- 

29-60      - 

-      62-00 

Magnesia 

8-00 

- 

21-39      - 

6-00 

Oxide  of  iron  - 

-    43-00 

m 

23-39       - 

-       23-00 

Alumina 

18  05 

' 

16-62       - 

700 

Water    - 

-     _ 

- 

7*38       - 

4-00 

Potassa 

2-00 

- 

0-00       - 

7*60 

Lime       ... 

-       0-00 

■ 

1-60       - 

0-00 

Hornblende,  or  Ampuibole. 

This  mineral  occurs  crystallized  with  felspar  and  quartz,  in 
some  granites,  in  syenite,  greenstone,  basalt,  and  lava;  also  in 
hornblende  rock,  and  hornblende  slate.  Form  of  the  Crystal: 
the  primitive  form,  ascertained  by  Haiiy,  by  reflection  on  fragments, 
is  an  oblique  rhomboidal  prism  of  124^  36'  and  55^  24^  It  occurs 
occasionally  in  rhomboidal  crystals,  but  more  frequently  confusedly 
aggregated;  sometimes  the  crystals  are  long,  flat,  sixHsided,  and  prism- 
atic, and  are  often  striated  longitudinally.  Colour^  dark  bottle- 
green,  brownish-green,  or  brown,  approaching  to  black.  Lustre^ 
shining.  Transparency,  the  dark  varieties  opaque,  the  green 
varieties  translucent  at  the  edges.  Fracture,  crystalline,  exhibit- 
ing fibres  confusedly  aggregated.  Hardness,  yields  easily  to  the 
knife;  scratches  felspar,  is  scratched  by  quartz.  Frangibility, 
tough,  and  difficult  to  break ; — indented  by  the  hammer.  Powder, 
greenish-gray.  Specific  gravity,  3*6.  Before  the  blow^pipe, 
gives  out  no  water,  fuses  easily  into  a  black  glass,  scarcely  soluble  in 
acids,  its  solution  yields  a  precipitate  with  oxalate  of  ammonia,  and 
a  copious  precipitate  with  ferroprussiate  of  potassa. 

Massivb  Hornblende  is  of  a  crystalline  structure  composed  of 
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long  crystals,  intersecting  each  other,  sometimes  confusedly  radiated. 
It  frequently  has  a  ferruginous  appearance  on  the  surface  from 
decomposition. 

HoRNDLEXDE  Slate  Htkn  Only  from  the  massive,  in  having  a 
schistose  structure. 

Basaltic  Hohxble^tde  generally  occurs  in  single  crystals,  and  is 
sometimes  magnetic.  The  primitive  form  of  the  crystal  is  the  same 
as  that  of  common  hornblende.  It  is  of  a  black  colour,  vitreous 
lustre,  and  hard  enough  to  scratch  glass.    Its  specific  gravity  is  3-25. 

The  composition  of  conmion  and  basaltic  hornblende,  according 
to  Klaproth,  is  given  below : — 


Common 

Basaltic 

Hornblende. 

Ilomblende. 

Silica           .         -         -         .     42-00 

-      47-00 

Alumina          ...         |2-00 

-       2<HH) 

Lime           ....     noo 

8*00 

>[agncsia         ...          2*25 

2-00 

Oxide  of  iron      .        .         «    30*00 

0-00 

Iron        ....        

-       15-00 

Fermginons  manganese      •      0*25 

0*25 

Common  hornblende  is  found  in  a  great  variety  of  rocks,  and 
often  enters  largely  into  their  composition.  Its  British  localities  are 
Miillyan  Cove,  Cornwall,  in  greenstone ;  abundantly  in  the  traps, 
greenstones,  and  basalt  of  the  coal-measures,  and  of  the  slate-moun- 
tains of  the  Cambrian  and  Cumbrian  chains ;  in  the  syenites,  mica 
slate,  and  gneiss  of  Scotland  and  Ireland,  and  in  the  trap  rocks  of 
those  two  countries.  Basaltic  hornblende  occurs  in  the  basaltic 
rocks  of  most  parts  of  Europe. 

AuGiTE,  OR  Pyroxene. 

AuGiTE  occurs  crystallized  with  felspar  in  augitic  greenstone, 
augitic  basalt,  and  lava,  and  in  primary  limestone.  Form  of  the 
Crystal:  the  primary  form,  according  to  Haiiy,  is  an  oblique 
rhomboidal  prism,  of  87°  5'  and  92°  55^  It  is  generally  found  in 
small  crystals,  of  six  and  eight  sides,  terminated  by  diedral  sum- 
mits. It  also  occurs  in  grains  and  amorphous.  Colour^  usually 
dark    green,   brown,   and   sometimes  black.  Lustre^   vitreous. 

Fracture^  conchoidal.  Hardness^  scratches  glass,  and  sometimes 
gives  sparks  with  steel.  Specific  gravity^  3*3.  Before  the  blow- 
pipe^  gives  off  no  water,  melts  with  difficulty,  and  only  in  small 
portions,  into  a  black  enamel.  Its  solution  indicates  with  reagents 
the  presence  of  lime  and  oxide  of  iron,  and  gives  trifling  or  no  indi- 
cations of  magnesia.     Its  difficulty  of  fusion  is  one  character  by 
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which  it  is  distinguished  from  hornblende,  which  it  much  resembles; 
the  difference  in  the  angles  of  the  primitive  forms  of  the  two  minerals 
is  another. 

Hornblende  and  augite  are  very  closely  allied.  Crystals  pos- 
sessing the  form  and  structure  of  augite,  were  observed  by  Mitscher- 
lich,  in  the  slags  of  many  founderies  in  Sweden  and  Oermany;  and 
on  fusing  in  a  porcelain  furnace  a  mixture  of  silica,  lime,  and  mag- 
nesia, in  the  proportions  in  which  they  are  found  in  augite,  crystals 
were  produced,  having  the  form  and  structure  of  augite;  but  crystals 
of  hornblende  could  not  be  obtained  by  a  similar  process.  Professor 
Rose  accounted  for  the  production  of  augite,  and  non-production  of 
hornblende,  by  attributing  it  to  the  effect  of  rapid  cooling;  and 
this  conjecture  he  confirmed,  by  fusing,  in  a  platinum  crucible,  a 
light  green  variety  of  hornblende,  which,  on  cooling,  formed  fibrous 
tufts  of  dark  crystals,  which  were  found,  on  measurement  by 
Wollastou'*8  reflecting  goniometer,  to  have  the  angles  of  augite. 
A  specimen  of  diopside,  a  green  translucent  variety  of  augite, 
being  submitted  to  the  same  process,  cooled  into  a  dark  mass, 
but  regained  its  former  structure.  Augite,  therefore,  is  formed 
when  the  process  of  cooling  is  rapid,  and  hornblende  when  it  is 
slow.  The  rocks  in  which  those  two  minerals  are  found,  are 
another  proof  of  this.  Hornblende  is  usually  found  in  syenite, 
trachyte,  and  lava,  accompanied  by  quartz,  felspar,  and  albite, 
minerals  which  require  for  their  formation  a  slow  process  of  cooling: 
while  augite  occurs  in  basalt  and  lava,  in  company  with  olivine, 
which  has  also  been  recognised  in  the  scoriae  of  several  founderies. 

ACTINOLITE. 

This  mineral  occurs  in  veins  in  hornblende  slate,  gneiss,  mica 
slate,  and  limestone.  It  is  of  a  pale  green  colour,  and  may  be 
divided  in  three  varieties, — Crystallized,  Asbestiform,  and  Glassy 
Actinolite. 

Crystallized  Acttinolite.  Form,  single  prisms,  or  columnar 
masses,    consisting  of   hexaedral    prisms.  Colour,   leek-green. 

Fracture,   fibrous  and  scopiform.  Lustre,   shining,  sometimes 

silky.  Transparency,   varies   from  translucent   to   transparent. 

Hardness,  scratches  glass.  Specific  gravity,  3*3.  Composition, 
according  to  Bergman,  silica  64*00,  alumina  2*70,  lime  9*30, 
magnesia  20'00,  oxide  of  iron  4*00.  Before  the  blow-pipe,  it 
melts  into  a  greenish-gray  glass. 

Asbestiform  Actinolite.  Form,  massive,  and  in  capillary 
crystals,  disposed  in  wedge-shaped  masses,  or  in  radii,  which  are 
green,  greenish-gray,  and  brownish-green,  opaque,  or  slightly  trans- 
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]aoent  st  the  edges.  Composition^    nearly  fhe  same    ag  the 

precedin:;. 

Glassy  Actinolite  differs  from  the  asbestiform  in  having  an 
external  lustro,  vitreous,  inclining  to  pearly,  and  in  being  translucent 
and  brittle.  Actinolite  is  found  in  the  Tyrol,  in  St.  Oothard,  near 
Salzburg,  in  Norway,  and  in  Piedmont.  British  LocaKties:  near 
Lostwithiel,  and  St.  Die,  in  Cornwall,  in  copper  and  tin  veins,  and 
at  St.  Michaers  Mount,  in  asbestiform  rocks ;  at  Llanberris,  Caer- 
narvonshire, in  greenstone ;  in  globular  concretions  in  the  amygda- 
loid of  Oaer  Garadoc,  in  Wales,  and  in  the  Isle  of  Lewis. 

Htpersthene. 

Hypersthene  occurs  crystallized  with  felspar  in  hypersthene 
rock,  hypersthenic  syenite,  hypersthenic  greenstone,  and  hypersthenic 
granite.  Structure^  lamellar.  Cleatage^  parallel  to  the  sides 
of  a  quadrangular  prism  of  about  93^,  more  perfect  parallel  to  the 
short  diagonal  of  that  prism  ;  indications  of  cleavage  parallel  to  the 
long  diagonal.  Colour ^  dark  brown,  or  greenish  black.  Lustre^  on 
the  fractured  surface,  pseudo-metallic,  of  a  copper  red,  or  a  greenish 
colour,  observable  in  one  direction,  but  not  in  the  other.  JVaus^ 
parencf/y  opaque.  Hardness^  yields  to  the  knife.  Powder^  dark 
gray.  Specific  gravity^  3*38.  Fracture^  uneven.  Composi- 
tion^ by  Klaproth^s  analysis,  silica  54*25,  alumina  2*25,  lime  1*25, 
magnesia  14*00,  oxide  of  iron  34*50,  water  1*00,  with  a  trace  of 
oxide  of  manganese.  Before  the  blow-pipe^  gives  off  no  water ; 
heated  alone^  it  is  but  little  altered,  but  upon  charcoal  melts  into  a 
greenish-gray  opaque  globule,  easily  soluble  in  borax,  insoluble  in 
acids.  This  mineral  was  first  discovered  in  rolled  masses  on  the 
coast  of  Labrador,  and  thence  called  Labrador  hornblende.  It  also 
occurs  in  a  rock  analogous  to  syenite,  or  greenstone,  consisting  chiefly 
of  Labrador  felspar.  It  has  been  observed  in  serpentine,  in  Coverack 
Cove,  in  Cornwall. 

Diallage. 

This  mineral  occurs  crystallized  with  felspar  in  diallage  rock ; 
obscurely  crystallized,  and  fine  grained  in  serpentine.  dsavagSj 
in  two  directions;  in  one  the  cleavage  is  highly  perfect,  and  easily 
obtained ;  the  other  appearing  only  in  slight  traces.  Colour^  olive 
green,  inclining  to  blackish  green.  Lustre^  inclining  to  metallic 
on  the  perfect  faces  of  cleavage,  vitreous  on  the  other  faces. 
Transparency^  opaque,  translucent  on  the  edges.  Hardness^ 
yields  to  the  knife.        Powder^  grayish  white.        Specific  gravity^ 
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31,        Compoiifipn:  its  constituent^,  according  to  the  analysis  by 
Bonsdorf,  are 


Silica       ... 
Magneeis     ... 

Lime :     -        - 
Alumina      ... 
Protoxide  of  Iron    - 
Protpxide  of  Manganese 
Fluoric  Aci4    - 


A  Green 
Variety. 

46*26 

19*03 

13*96 

ll*4a 

3-43 

9-36 

1*60 


Water  and  foreign  substances     1*04 


A  Black 
Variety. 

45*69 

18*79 

13.86 

1218 

7*32 

0*22 

1*50 

0*00 


Before  th0  blouhpipe^  it  gives  off  water,  and  fuses  into  a  blackish 
ename},  sparingly  soluble  in  acids.  Foreign  Loc(il%tie»:  Basta 
in  the  Hart^,  in  greenstone ;  Zooblitz  in  Saxony,  Salzburg,  and  the 
Tyrol,  in  serpentine.  British  Localities :  the  Isle  of  Anglesey, 
Coverack  Cove,  and  near  St.  Keverne,  in  Cornwall ;  between  Bal- 
lantrae  and  Girvan,  in  Ayrshire ;  and  at  Portsoy,  in  Banffshire,  in 
serpentine;  in  Fifeshire,  in  greenstone  rocks;  and  in  porphyritio 
rocks  in  Calton  Hill,  and  Dunbarton. 


Steatite,  or  Soapstone. 

Steatite  is  found  in  considerable  masses  and  beds  in  serpentine, 
granite,  clay  slate,  and  also  in  veins.  Serpentine  is  the  rock  in 
which  it  usually  occurs.  Form^  massive.  In  Fn^nooniait  occurs 
with  occasional  appearances  of  crystallization,  which  are  generally 
considered  pseudo-morphous,  resembling  the  forms  of  the  quartz  or 
carbonate  of  lime  with  which  it  is  associated.  Colour^  .white, 
passing  into  gray,  green,  yellow,  and  red.  Lustre^  dull — lustre  of 
of  the  streak  faintly  resinous.  Fracture^  uneven,  splintery. 
Hardness^  yields  to  the  nail,  sectile.  Touch,,  unctuous,  ^pes  not 
adhere  to  the  tongue.  Transparency^  somewhat  translucent  at  the 
edges.  Specific  gravity^  2*  67.  Composition  .*  we  give  th^  results 
of  an  analysis  by  Vauquelin,  and  of  two  others  by  Klaproth,  of 
steatite  from  different  localities :-— 


From 

From 

Baireuth. 

CorawiUL 

Silica 

-    64*00      -    - 

-      59*50      - 

-      45*00 

Magnesia 

22*00      -    . 

30*50      - 

-      24*75 

Alumina    - 

-     0-00      -    . 

0-00      - 

9*25 

Oxide  of  Iron 

3-00      - 

2*60      - 

l-W 

Water       - 

-      5*00      -     . 

6*60      - 

-      18-00 

Vauquelin. 

Klaproth. 

Klaproth* 

Before  the  blote-pipe^  gives  off  water,  whitens  and  hardens,  is 
fusible  with  difficulty,  at  the  edges  of  the  afsay.         Foreign 
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Localitiei :  Frejberg,  and  in  the  priacipalitr  of  Badrenth,  in  Saxony; 
in  Bohemia,  Norway,  Sweden,  and  France;  also  in  Maryland, 
Pennsylvania,  and    Connecticot,  in   North   America.  Briiisk 

Localititt :  in  serpentine,  the  serpentine  districts  of  Cornwall  and 
Anglesey,  and  at  Portsoy,  in  Scotland ;  in  wacke,  in  the  Isle  of 
Skye,  and  others  of  the  Hebrides. 

SjeapE^nrixE. 

ScRPEXTixE  often  constitutes  masses  of  simple  rock,  and  is  found 
sometimes  intermixed  with  crystalline  limestone,  constituting  the 
marble  known  by  the  name  of  Verde  Antique ;  but  it  enters  into 
the  composition  of  no  other  mixed  rocks,  except  as  rolled  masses  in 
conglomerates.  From  the  great  variations  in  its  composition,  it 
ought  to  be  regarded  rather  as  an  indefinite  earthy  compound,  than 
a  simple  mineral.  Mineralogists  divide  serpentine  into  two  kinds, 
Noble  and  Common.  Noble  Serpentine  occurs  massive.  Frac- 
ture^ splintery,  passing  into  conchoidal.  Colour^  various  shades 
of  green,  and  yellowish  green.  Lu$tre^  translucent,  glimmering 
or  glistening,  resinou").  7<>MrA,  somewhat  unctuous.  Hardneu^ 
yields  to  the  knife,  sectile.  Poitder^  white.  Specijic  prarity^  2'5. 
Compo$ition :  the  first  analysis  is  by  Hisenger,  the  second  by  John : — 

Silica          ....  32^N>  -  -  42*50 

Magnesia        ....  37*21  -  -  38*63 

Alamina    ....  0*50  -  -  1*00 

Lime 10-20  -  -  0*25 

Oxide  of  Iron    -         •        -  6*00  -  -  I'ftO 

Oxide  of  Manganese       •         -  0*00  -  -  0*62 

Oxide  of  Chrome         -         •  0*00  -  -  0*25 

Water 14-00  -  -  15-20 

NoBLR  Serpentine  is  found  in  beds  and  masses  in  primary  lime- 
stone, gneiss,  and  mica  slate.  Foreign  Localities:  in  Italy,  Silesia, 
Sweden,  I3ohemia,  and  the  T^toI;  at  Connecticut  and  Newbury 
Point,  Massachusetts,  in  crystalline  limestone.  British  Loealitiet: 
in  the  marble  of  Glen  Tilt  in  Scotland;  in  veins,  in  conmion  ser^ 
pontine,  in  the  Isle  of  Anglesey,  and  Cornwall,  and  in  the  county 
of  Gal  way,  Ireland. 

Common  Serpentine  is  of  various  shades  of  green,  brown,  and 
red,  the  brown  most  prevalent, — the  colours  variously  intermixed 
and  blended  in  stripes  and  blotches.  Fracture^  uneven,  occa- 
sionally approaching  the  flat  conchoidal.  Lustre,  generally  dull 
and  opaque,  sometimes  translucent  at  the  edges.  Hardness^ 
variable,  sometimes  scarcely  yielding  to  the  knife.  Be/ore  the 
hlouy-pipe,  noble  and  common  serpentine  in  ihe  matrass  give  off  water 
and  blacken;  on  charcoal,  turn  white^  and,  in  a  good  heat,  melt  on 
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the  tliin  edges  into  an  enamel ;  with  horax^  melt  slowly  into  a  clear 
green  glass.  Localities  for  common  serpentine  are  the  same  as 
for  the  preceding  variety,  and  also  the  following:  Portsoy,  Banff- 
shire; and  at  the  Bridge  of  Corlachie,  Forfarshire;  in  Ayrshire; 
near  Burnt  Island,  Fifeshire;  in  the  Shetland  Isles,  Unst  and 
Fetlar;  and  in  Glass,  one  of  the  Hebrides. 

Carbonate  op  Lime. 

This  mineral,  which  is  so  generally  diffused,  enters  but  sparingly 
into  compound  rocks,  as  one  of  their  ingredients.  In  them  it  occurs 
chiefly  as  veins,  but  considerable  masses  of  it  form  particular  beds  in 
other  rocks,  or  constitute  rocks  themselves.  It  is  more  abundant 
in  the  more  recent  than  in  the  older  strata.  It  is  found  cr}'8tallized 
in  veins,  cavities  of  rocks,  fossil  remains,  and  stalactites,  and  in  beds 
of  primary  limestone;  it  occurs  also  massive  and  amorphous,  (its 
most  common  form,)  as  limestone  strata.  The  crystalline  varieties 
of  limestone  generally  occur  in  the  older  rocks,  the  compact  and 
earthy  varieties  in  the  more  modem;  it  occurs  also  concretionary  in 
oolites;  fibrous  in  some  limestones  and  organic  remains;  as  nodules 
in  amygdaloidal  traps;  lamellar  in  organic  remains;  earthy  and 
pulverulent  in  chalk,  marl,  and  some  kind  of  limestone. 

Form:  crystals  of  calcareous  spar,  or  pure  carbonate  of  lime, 
are  found  under  a  great  variety  of  forms,  all  resolvable,  by  cleavage, 
into  an  obtuse  rhomboid  of  105°  5'  and  74°  55'.  Fracture :  the 
cross  fracture  is  conchoidal,  but  not  easily  obtained.  Colour^ 
various.  i  M«fr^,  between  pearly  and  vitreous.  Transparency^ 
more  or  less  transparent ;  the  purer  varieties  refract  doubly.  Hard- 
nessy  yields  easily  to  the  knife.  Powder^  grayish-white.  Sp^" 
eific  gratitt/y  2*7.  Composition:  lime  57,  carbonic  acid  43.  It 
effervesces  in  acids  from  the  disengagement  of  carbonic  acid  gas :  its 
solutions  yield  an  abundant  white  precipitate  with  oxalate  of  am- 
monia. Before  the  blow-pipe^  all  varieties  of  carbonate  of  lime 
exhibit  the  following  characters :  are  infusible  alone  on  charcoal,  do 
not  colour  the  flame  of  the  blow-pipe,  but  shine  with  great  brightness 
when  the  carbonic  acid  is  driven  off.  By  calcination  they  lose  about 
43  per  cent,  of  this  acid;  the  calcined  mass  becomes  caustic,  disen- 
gages heat  when  moistened  with  water,  and  has  an  alkaline  reaction 
on  test  papers.  With  the  fiuxes^  carbonate  of  lime  dissolves  with 
effervescence  and  fuses  into  a  glass,  transparent  while  hot,  milky  when 
cold.  Carbonate  of  lime  is  so  generally  diffused  that  no  list  of  loca- 
lities can  be  given.  The  most  rare  and  beautiful  varieties  of  calca- 
reous spar  are  derived  from  Derbyshire  and  the  North  of  England  ; 
while  in  Cornwall  it  is  extremely  rare. 
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Carbonate  of  Magnbbla/ 


Maonebitk,  or  carbonate  of  magnesia,  oooora  amorphonSv  fibrous, 
and  spongiform,  also  pulverulent.  Colour,  gray  or  yellowish,  with 
dendritic  delineations.  Frticture^  splintery  or  flat  oonchoidal. 
Lustre  and  Transparency^  dull  and  opaque.  Hardness^  yields  to 
the  nail  externally,  internally  is  harder  than  calcareous  spar. 
Touchy  meagre;  adheres  to  the  tongue.  Specific  gravity^  2*8. 
Composition :  according  to  an  analysis  of  a  specimen  from  Styria, 
by  Klaproth,  its  constituents  are,  magnesia  48,  carbonic  acid  49, 
water  3.  It  dissolves  with  slow  effervescence  in  acids,  yielding, 
with  sulphuric  acid,  crystals  of  sulphate  of  magnesia.  Before  M# 
blow-pipe^  it  crackles,  shrinks,  and  hardens  on  charcoal,  and  then  has 
an  alkaline  reaction  on  test  papers.  Localities':  in  Moravia  and 
Styria,  and  at  Baudissero  and  Castellamonte,  in  Italy;  at  Vallecas, 
in  Spain;  Baumgarten,  in  Silesia;  and  near  Baltimore,  North 
America, — all  in  serpentine. 

Carbonate  of  magnesia,  combined  with  carbonate  of  lime,  ooours 
crystallised,  under  the  name  of  bitterspar,  in  veins,  in  chloritic  rocks, 
serpentine,  dolomite,  and  magnesian  limestone. 

Bitterspar. 

Fomiy  a  rhomboid,  differing  from  that  of  carbonate  of  lime  in 
the  value  of  its  angles,  which  are  lOff^  15',  and  73°  45',  by  the 
reflecting  goniometer.  This  is  the  primary  form,  to  which  other 
varieties  of  its  crystals  may  be  reduced  by  cleavage.  Colour^ 
grayish,  or  yellow,  sometimes  inclining  to  green  or  red.  Lustre 
and  Transparency^  pearly,  semi-transparent.  Fracture^  foliated. 
Hardness  and  Frangibility^  scratches  calcareous  spar,  brittle. 
Poted^r^  grayish-white.  Specific  gravity^  3'0.  Composition^ 
52*0  carbonate  of  lime,  45*0  carbonate  of  magnesia,  3*0  oxide  of 
iron  and  manganese.  It  dissolves  slowly  and  with  but  slight  effer- 
vescence in  cold  nitric  acid.  The  solution  yields  little  or  no  preci- 
pitate with  oxalate  of  ammonia,  but  gives  a  considerable  precipitate 
with  potassa  after  having  been  treated  with  a  hydrosulphuret. 
Before  the  blow-pipe^  it  is  not  to  be  distinguished  from  calcareous 

spar. 

Localities:  in  the  mountains  of  the  Tyrol  and  Salzburg,  in  the 
mountains  of  Taberg,  in  Sweden,  and  of  Chalance,  in  Dauphiny ; 
in  Scotland,  on  the  borders  of  Loch  Lomond,  in  chlorite  schist,  and 
near  Newtown  Stewart,  in  Galloway;  also  in  the  Isle  of  Man,  in 
compact  dolomite,  and  in  the  magnesian  limestone  of  the  north  of 
England. 


DOLOMITE SULPlfATB   OF    LIME.  1S6 

Dolomite. 

A  massive  varietj  of  the  carboiiate  of  lime  and  magnesia,  reseth- 
bling  granular  limestone,  but  much  softer. 

Structure^  consisting  of  fine  grains,  which  are  lamelkri  Colour , 
white,  sometimes  with  a  tinge  of  green  or  gray.  Lustre  and 
Transparency:  internal  lustre  glistening,  translucent  at  the  edges. 
Hardness^  yields  to  the  nail.  Phosphorescence^  frequently  emits 
a  phosphorescent  light  when  struck  in  the  dark.  Specific  gravityt 
2'8.  Composition^  59  carbonate  of  lime,  40  carbonate  of  mag- 
nesia. Its  action  with  acids  and  before  the  blow-pipe  has  been 
described  under  bitterspar.  Localities:  in  Sweden,  France,  Sax- 
ony, the  Pyrenees,  Appenninee,  &c.  It  is  also  found  in  the  island 
of  lona,  in  a  bed  about  forty  feet  wide,  in  hornblende  rock. 

Magnesian  Limestone  occurs  abundantly  as  a  rock  fohnation  in 
England,  ranging  from  Nottingham  to  Sunderland.  It  is  likewise 
found  in  beds  in  the  Mendip  Hills,  and  in  the  carboniferous  limb- 
stone  series  near  Bristol,  and  Ballyshannon  and  Howth  in  Ireland.  It 
differs  from  common  limestone  in  having  a  granular  sandy  structure, 
a  glimmering  or  glistening  lustre,  and  a  yellowish  colour.  Its  cha- 
racters with  acids  and  before  the  blow-pipe  are  the  same  as  those  of 
dolomite.  It  consists^  of  lime  about  80,  magnesia  81)  carbonio 
acid  47)  clay  and  oxide  of  iron  1. 

Sulphate  of  Lime. 

Sulphate  of  Lime  occurs  crystallized  in  beds  of  clay,  under  the 
name  of  selenite;  fibrous,  compact,  and  pulverulent,  under  the  name 
of  Gypsum. 

Crystallized  Otpsum,  or  Selenite.  Form:  it  oeeurs  gene- 
rally in  flat  crystals,  which  are  oblique  pahillelopipedons.  ThU 
primary  form  is  considered  by  Haiiy  to  be  a  right  rhomboidal  pristtl, 
the  bases  of  which  are  oblique-angled  parallelograms  of  113^  8'  and 
66^  52^  Structure^  lamellar,  the  cleavage  in  one  direction  per^ 
feet  and  easily  obtained;  but  imperfbct  and  obtained  iTi'ith  difficulty 
in  the  others.  Colour^  various  shades  of  white,  gray,  and  bfOwil; 
sometimes  colourless  and  highly  transparent;  Lustt'^^  shinitigi 
pearly.  Transparency^  more  ait  less  tran^arent.  HdrdtMi^ 
yields  to  the  nail,  Heetile;  Flexibility:  divided  into  thifa  lamina^ 
it  is  flexible,  but  hot  elastio;  Specific  gratity^  i&bout  8*0.  Com- 
position^ lime  32*7}  sulphurio  aoid  46*8,  water  21.  Before  thS 
blow-pipe^  it  gives  off  water  in  the  matrass,  and  becomes  friable.  If 
reduced  in  this  state  to  an  impalpable  powder,  and  mixed  with 
water,  it  evolves  heat,  and  soon  hardens  into  a  solid  mass.    Held  in 
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the  forceps,  and  urged  with  a  stronger  flame,  it  exfoliates  and  melts, 
though  with  some  difficulty,  into  a  white  enamel.  Fused  with  an 
alkali  it  forms  a  mass  which  exhales  sulphuretted  hydrogen,  when 
moistened  with  acidulated  water.  The  solution  yields  a  precipitate 
with  an  oxalate,  none  with  a  sulphate,  and  forms  by  evaporation 
deliquescent  acicular  crystals.  Localities:  Selenite  is  found  in 
almost  every  country  in  Europe.  In  England  it  occurs  in  the 
London  clay,  and  in  another  clay,  lower  in  the  series  of  rocks, 
called  the  Oxford  clay.  From  the  pits  at  Shotover  Hill,  near  Ox- 
ford, very  beautiful  crystals  are  obtained. 

Fibrous  Gypsum,  a  very  beautiful  mineral,  occurs  massive,  com- 
posed of  delicate  and  nearly  separate  fibres,  either  straight  or 
curved.  Colour^  generally  white,  but  various,  like  that  of  selenite. 
Lustre^  glistening,  pearly;  translucent.  Fracture^  cross,  lamellar, 
and  very  brilliant.  Hardness,  yields  to  the  nail.  Localities: 
occurs  at  St.  Gothard,  in  beds,  in  gneiss;  in  the  Valais  in  horn- 
blende slate ;  in  several  countries  of  Europe  and  America  in  the 
fossiliferous  series. 

Compact  Gypsum,  or  Alabaster.  Massive.  Fracture,  com- 
pact or  slightly  splintery.  Lustre,  dull,  or  glimmering,  translu- 
cent at  the  edges.  Hardness,  yields  to  the  nail.  (flours, 
are  nearly  the  same  as  those  of  selenite,  but  it  sometimes  occurs 
mottled.  Localities:  met  with  in  several  countries  of  Europe  and 
North  America.  It  occurs  in  Derbyshire  and  in  other  parts  of  the 
new  red  sandstone  districts  of  England. 

Bitumen. 

There  are  three  varieties  of  bitumen:  earthy  bitumen,  or  mine- 
ral tar;  elastic  bitumen,  or  mineral  caoutchouc;  compact  bitumen, 
mineral  pitch,  or  asphaltum.  Bitumen  occurs  solid  or  liquid  in 
some  limestones,  and  in  organic  remains  and  veins;  also  disseminated 
invisibly  through  the  substance  of  beds  of  coal,  and  of  certain  shales 
and  limestones. 

Earthy  Bitumen.  Anioq)hous,  earthy,  blackish  brown,  dull, 
sectile,  very  soft,  taking  an  impression  from  the  nail,  possesses  the 
peculiar  odour  known  as  the  bituminous ;  bums  with  a  brisk  clear 
flame,  and  an  agreeable  smell,  with  the  deposit  of  much  soot;  soluble 
in  alcohol.     It  is  found  in  France,  Persia,  the  Hartz. 

Elastic  Bitumen  occurs  in  nodular  masses  of  various  shades  of 
brown  ;  soft,  yielding  easily  to  pressure ;  flexible,  elastic,  sectile,  of 
a  strong  bituminous  odour,  bums  with  a  strong  flame  and  much 
smoke,  melts  at  a  gentle  heat.  Specific  gravity,  about  10.  It 
removes  the  traces  of  a  pencil  on  paper  like  caoutchouc  or  Indian 
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rubber,  whence  its  name.  Elastic  bitumen  consists  chiefly  of  bitu- 
minous oil,  hydrogen,  and  charcoal.  It  has  hitherto  been  found 
only  at  Castleton,  in  Derbyshire. 

Compact  Bitumen  ;  AsPHALTUM.  Massive.  Co/ot/r,  brownish- 
black  to  black,  i^rac^wr^,  conchoidal,  brittle.  Lustre^  shining; 
resinous;  opaque;  gives  out  the  bituminous  odour  when  rubbed. 
Specific  gravity^  I'O  to  1*6.  It  burns  freely,  leaving  a  small  quantity 
of  ashes,  insoluble  in  alcohol.  It  consists  chiefly  of  bituminous  oil, 
hydrogen,  and  charcoal,  the  latter  being  in  much  greater  proportion 
than  in  the  preceding  variety.  Oxide  of  iron,  and  two  or  three  of 
the  earths,  are  sometimes  present  in  small  quantities.  Localities: 
found  in  France;  at  Neufchatel,  in  Switzerland;  in  large  strata  at 
Aolona,  in  Albania ;  in  lumps  on  the  shores,  or  floating  on  the  lake 
in  Palestine,  called  the  Dead  Sea.  It  is  obtained  in  large  quantities 
from  the  islands  of  Barbadoes  and  Trinidad ;  in  the  latter  in  such 
profusion  as  to  be  used  mixed  with  grease  for  dressing  the  bottoms 

of  ships. 

Oxide  of  Irox. 

Oxide  op  Iron  occurs  crystallized  in  lava,  syenite,  and  hypersthene 
"Xick,  and  minutely  disseminated  through  sandstones,  clays,  iron- 
-^^nefi,  ochres,  and  almost  every  rock. 

•  Crystallized   Oxide   of   Iron;  Iron  Glance;   Specular  Iron. 

*  ^ormy  lamellar,  and  crystallized  in  various  shapes,  the  primitive 
)eing  a  slightly  acute  rhomboid  of  87°  9',  and  92°  51'.  Structure^ 
amellar.       Fracture^  cross  fracture  uneven,  passing  into  conchoidal. 

^  hlouvy  deep  steel  gray.         Lustre^  splendent,  metallic,  frequently 

imished,  and   beautifully  iridescent.         Transparency y  opaque  in 

irge  fragments,  but  the  edges  of  thin  small  ones  are  blood-red  by 

ansmitted  light.        Hardness^  scratched  by  the  knife.        Powder^ 

"lerry-red,  slightly  magnetic  when  pulverized.         Specific  gravity^ 

*   0.       C<wwp(?«^i<w:  it  consists  entirely  of  peroxide  of  iron.       Before 

.  e  blate^pipej   it   is   infusible  without  the  addition  of  fluxes,  but 

^icomes     magnetic: — colours    glass    of    borax   a   dirty    yellowish 

/-een.     It  occurs  in  veins  and  beds  in  the  older  rocks.         Foreign 

^ocalities:  found   in   great   abundance,   and   in   crystals   of   great 

?auty,  in  the  isle  of  Elba,  the  iron  mines  of  which  have  been  worked 

ova  a  very  remote  antiquity.     In  Saxony  and  Bohemia  in  mica 

hist;  at  the  foot  of  the  great  St.  Bernard;  at  Maryland  in  gneiss; 

■jd  in  South  America  and  Siberia.         British  Localities:  in  Britain 

[..  ■  occurs  finely  crystallized  in  St.  Just,  and  Tin  Croft  mine,  in  Corn- 

jill,  in  clay  slate;  at  Cumberhead,  in  Lanarkshire;  at  Eskdale,  in 

omberland,  and  various  other  localities. 

Volcanic  Ibon^Glance  occurs  in  very  flat  crystals,  often  with 
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curvilinear  faces  intersecting  each  other.     It  is  less  splendent  than 
the  last. 

MicACEOtjs  Iron  Glance.  Minute  shining  scales,  either  loose  or 
slightly  cohering.  Colour^  by  reflected  light,  iron  black,  with  occa- 
sionally a  tinge  of  red;  by  transmitted  light,  of  a  blood- red  colour. 

SuLPHURET  OP  Iron,  or  Iron  Pyrites. 

Sulphurbt  of  Iron  occurs  in  reins  and  beds,  iklso  disseminated 
through  clay  slates  and  primary  limestones  and  shales.  It  is  found 
amorphous,  mammilUted,  globular,  cellular,  stalactitical,  pseudo- 
morphous,  capillary,  and  crystallized  in  the  cube  and  octoedron.  It 
is  found  also  enclosed  in  other  minerals,  and  investing  them.  The 
organic  remains  of  some  shales  and  clays  are  mineralized  by  it. 

i^orm:  the  octoedron  may  be  considered  the  primary  form,  but 
common  pyrites  have  no  regular  cleavage.  Fracture^  granular  or 
uneven,  sometimes  approaching  conchoidal.  Colour^  brass  yellow, 
inclining  sometimes  to  greenish  yellow  and  steel  gray.  Lustre 
and  Transparency^  metallic,  opaque.  Hardness  and  Frangibility: 
brittle^  but  does  not  yield  to  the  knife;  scratches  glass.  This  cha- 
racter distinguishes  it  from  sulphuret  of  copper.  Powder^  brownish 
black.  Specific  gravity^  4*6  to  4*8.  Composition^  iron  47*85, 
sulphur  52*15.  Before  the  blote-pipe^  it  melts,  giving  out  a  sul- 
phureous odour,  and  leaving  a  blackish  slag,  which  is  magnetic.  It 
is  universally  difflised. 

Schorl. 

This  mineral  is  met  with  amorphous,  crystallized,  and  dissemi- 
nated. It  occurs  in  CornwaU,  crystallized  with  quartz,  in  so  large  a 
proportion  as  to  form  one  ot  the  constituents  of  a  rock,  called  schorl 
rock,  which  has  the  same  geological  relations  as  granite. 

Form :  the  common  form  of  the  crystals  is  a  prism  of  many 
sides,  generally  striated  longitudinally,  rarely  terminated  at  each  end 
by  three  planes:  it  occurs  also  as  acicular  crystals,  parallel  or  diver- 
gent. Colour^  black  and  brownish  black.  Lustre  and  Trans- 
parency^  glistening,  vitreous,  opaque.  Hardness^  scratches  quartz. 
Fracture  and  Frangibility^  fine  grained,  uneven,  sometimes  con- 
choidal, fragile.  Electricity^  becomes  electric  by  being  heated,  and 
acquires  polarity.  Specific  gravity^  3*2.  Before  the  blotc-pipe^ 
schorl  fuses  alotie^  with  strong  intumescence,  and  turns  white ;  the 
intumesced  portion  afterwards  melting  with  difficulty  into  a  trans- 
lucent grayish-yellow  bead.  With  borax^  it  effervesces  and  melts 
into  a  clear  glass  with  a  tinge  of  iron.  With  tnicrocosniic  salt^  it 
effervesces  briskly,  leaving  a  skeleton  of  silica.         Compositiony  silica 


SCHORL — CHIASTOUTE.  ^    189 

38,  alumina  34,  magnesia  1,  potassa  6,  oxide  of  iron  21,  and  a  trace 
of  manganese. 

Tourmaline  is  a  finer  variety,  used  in  jewellery,  of  different 
colours,  white,  green,  yellow,  blue,  and  black;  harder  and  more 
transparent  thah  common  schorl,  melting  before  the  blow-pipe  with 
greater  difficulty,  both  with  and  without  fluxes,  and  differing  from 
it  slightly  in  chemical  composition.  Localities:  the  village  of 
Schorlaw  in  Saxony,  where  it  was  first  found ;  also  Bavaria,  Bohe- 
mia, Switzerland,  Spain,  Hungary,  Asia,  and  America.  British 
Localities:  Perthshire,  Banf&hire,  Inverness-shire, and  Argyleshire; 
near  the  Land's  End  in  Cornwall ;  also  in  the  tin  veins,  and  disse- 
minated in  the  granite  rocks  of  that  county;  and  in  the  granite  of 
Wicklow  and  Dublin. 

CuiASTOLITB. 

Chiastolite  occurs  crystallized  in  the  clay  slates  of  Cumberlaad, 
Spain,  Brittany,  Ireland,  and  North  America^  sometimes  in  such 
large  quantities  as  to  become  a  constituent  of  the  rock.  It  is  a 
mineral  about  which  little  is  known.  We  heard  it  thus  described 
by  Professor  Sedgwick,  in  the  Geological  Section  of  the  British 
Association  at  Dublin : — ^'  That  singular  mineral,  chiastolite,  about 
which  all  I  can  tell  you  is,  that  I  can  call  it  by  a  hard  name,  and 
that  I  believe  is  as  much  as  most  of  my  neighbours  can  do.''  It  is 
thus  described  and  figured  by  Phillips: — '^It  has  only  been  met 
with  in  slightly  rhomboidal  prisms,  composed  of  two  distinct  sub- 
stances. The  exterior  is  grayish-white,  the  interior  black  or  bluish- 
black,  and  its  sides  are  perfectly  parallel  to  those  of  the  exterior 
substance,  which  in  some  specimens  are  so  thin  as  to  form  a  mere 
coating.  From  each  of  the  angles  of  the  interior  prism  there  often 
proceeds  a  black  line,  which  sometimes  reaches  the  corresponding 
angles  of  the  coating,  but  is  sometimes  terminated  by  a  black  rhom- 
boidal prism,  so  that  the  chiastolite  occasionally  consists  of  five 
black  rhomboidal  prisms,  communicating  by  black  threads,  and,  as 
it  were,  imbedded  in  a  grayish-white  or  reddish  substance,  which  has 
a  lamellar  structure,  is  translucent,  and  hard  enough  to  scratch  glass.'^ 
Composition :  Berzelius  considers  it  a  compound  of  silica  and  alu- 
mina. Be/ore  the  blous-pipe^  the  whitish 
part  of  the  crystal  is  infusible,  but  assumes  Cliiastolite. 

a  whiter  tint:  a  very  thin  cake  made  of  the  37 

powdered  mineral  concretes  into  a  mass. 
With  boracc^  it  melts  with  difficulty  into  a 
clear  glass.  It  gives  a  blue  colour  with 
solution  of  cobalt.  The  black  part  yields  a 
blaok  glass  without  fluxes.       British  Loca- 
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lities :  the  Wolf  Crag,  near  Keswick,  and  on  Skiddaw,  in  Cumber- 
land, in  clay  slate;  at  Agliavanagh  and  Baltinglass  Hill,  county  of 
Wicklow,  Ireland. 

Garnet. 

Garnets  occur  crystallized  in  granite,  gneiss,  mica  schist,  clay 
slate,  primary  limestone,  near  basaltic  dykes,  and  in  veins.  They 
sometimes  occur  in  mica  slate  in  such  abundance  as  to  equal  in 
quantity  the  other  ingredients  of  the  rock  enclosing  them.  In  a  bed 
of  green  talc,  between  Styria  and  Carinthia,  the  common  garnet 
occurs  in  crystals  of  two  pounds  weight  and  upwards. 

Form,  a  dodecaedron  with  rhomboidal  planes,  which  is  con- 
sidered the  primitive.  It  also  occurs  in  crystals,  having  twenty-four 
rhomboidal  faces.  Fracture,  conchoidal.  Colour,  yellowish, 
greenish,  or  blackish-brown.  Lustre,  vitreous,  shining.  Trans- 
parency, opaqne,  or  only  slightly  translucent.  This  is  the  chief  point 
in  which  common  garnet  differs  from  the  mineral  known  as  alaman- 
dine,  or  precious  garnet.  Hardness,  scratches  quartz  with  some 
difficulty.  Composition,  according  to  Vauquelin,  silica  43*0, 
alumina  16*0,  lime  20*0,  oxide  of  iron  16'0.  Chemical  Characters: 
before  the  blow-pipe,  fuses  to  a  black  globule.  Soluble  partially  or 
entirely  in  muriatic  acid.  The  solution  yields  an  abundant  blue 
precipitate  with  ferro-prussiate  of  potassa — a  white  precipitate  with 
oxalate  of  ammonia,  and  slight  traces  of  alumina  with  ammonia. 
British  Localities :  in  Cornwall  of  a  red  colour  in  small  quantities, 
in  schist  and  chlorite;  north  of  Keswick,  in  Cumberland,  in  a  por- 
phyritic  felspar;  near  Huntly  in  Scotland;  in  the  counties  of  Wick- 
low and  Donegal  in  Ireland  in  granite;  in  altered  shale  of  the  car- 
boniferous limestone  series  by  the  side  of  a  basaltic  dike  near  Plas 
Newydd  in  Anglesey;  and  under  similar  circumstances  in  shale  and 
limestone,  altered  by  a  basaltic  dike  in  High  Teesdale. 

We  shall  conclude  our  description  of  simple  minerals  entering 
into  the  composition  of  rocks,  by  recommending  the  student  who 
may  not  have  the  advantage  of  seeing  museums  and  attending  lec- 
tures, to  purchase  a  named  collection  of  the  minerals  we  have 
described,  which  may  be  done  at  a  trifling  expense.  We  would 
urge  him  not  only  to  look  at  them,  but  to  try  their  external  charac- 
ters and  habitudes  before  the  blow-pipe,  comparing  them  with  the 
descriptions.  This  will  impress  them  on  the  memory  much  more 
than  mere  inspection.  He  will  thus  become  familiar  with  them,  and 
be  able  at  once  to  recognise  them  when  he  finds  them  combined  in 
rocks ;  and  the  habit  of  examination  thus  acquired  will  render  it 
easy  for  him  to  discover,  with  the  assistance  of  that  little  book 
which  we  have  before  recommended,  those  less  abundant  minerals 
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not  here  described,  some  of  which  he  will  not  fail  to  meet  with  the 
moment  he  begins  to  study  geology,  hammer  in  hand.  In  studying 
the  external  and  chemical  characters  of  minerals,  it  is  best  to  com- 
mence on  substances  with  the  names  and  composition  of  which  we 
are  acquainted. 


CHAPTER  IX. 


ORDER  OF  ARRANGEMENT  OF  THE  MATERIALS  COMPOSING 

THE  CRUST  OF  THE  EARTH. 

The  repeated  changes  of  the  eartVa  surface  illustrated  by  a  supposed 
case  of  a  succession  of  Soman  and  other  remains  in  England — 
solutions  of  continuity  in  the  series  of  deposits — msans  by  which 
the  eartKs  structure  is  laid  open  to  the  depth  of  some  miles, — 
Classification  of  rocks  —  stratified  and  unstratified  rocks  — 
columnar  structure— fossiliferous  and  non-fossiliferous  strata. — 
Explanation  of  terms — dip — strike — anticlinal  and  synclinal 
lines  —  conformable  and  unconformable  position  —  the  order  of 
succession  never  inverted — thinning  off  of  strata — denudation — 
overlap — o  utlier — faults. 

Geology  has  been  defined  to  be,  in  its  most  extended  sense,  the 
ancient  natural  history  of  the  earth,  and  of  the  changes  which  have 
taken  place  in  the  organic  and  inorganic  kingdoms  of  nature.  It 
teaches  us  the  materials  of  which  the  earth,  to  a  certain  depth,  is 
composed,  and  the  order  in  which  they  are  arranged.  We  obtain 
this  knowledge  by  means  of  observation,  aided  in  some  degree  by 
inductive  reasoning.  We  carry  this  inductive  process  further,  and 
are  enabled  to  discover  the  agencies  which  were  employed  in  the 
formation  of  the  crust  of  the  earth,  the  convulsions  and  revolutions 
to  which  it  has  been  subject,  and  the  various  races  of  beings  which 
have  successively  inhabited  its  surface  during  a  series  of  epochs  of 
long-protracted  duration. 

The  former  part  of  the  inquiry,  namely,  that  which  relates  to  the 
materials  composing  the  earth^s  crust,  and  the  order  in  which  they 
are  arranged,  forms  the  practical  and  elementary  part  of  geology ; 
the  latter,  comprising  its  higher  generalizations,  may  be  called 
theoretical  or  speculative  geology;  but,  conducted  as  this  is  at  present, 
it  must  not  be  confounded  with  the  speculations  of  the  cosmogonists. 

When  we  speak  of  the  high  antiquity  of  the  globe,  of  extinct 
races  of  animals  and  plants,  of  central  heat,  and  of  change  of 
climate,  we  are  sometimes  accused  of  indulging  in  reveries  scarcely 
less  visionary  than  those  which  we  condemn  in  Burnet  and  Whis- 
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toD,  and  th§  other  writers  of  that  school.  There  is,  however, 
a  wide  difference  between  their  specuktions  as  to  the  mode  in 
which  the  world  was  created,  and  the  investigations  of  modern 
inductive  geology  respecting  the  changes  which  the  surface  has 
undergone  since  its  creation,  and  we  have  as  conclusive  evidence  of 
the  disappearance  of  one  race  of  animals  and  plants,  and  of  their 
having  been  succeeded  hj  others,  as  we  have,  independently  of 
history,  of  the  existence  of  the  Egyptians,  Greeks,  or  any  other 
nation  of  antiquity. 

Bepeated  changes  of  the  eartKs  surface  illusirated  by  supposed  case  of 

Soman  and  other  remains  in  England,, 

History  informs  us  that  England  was  first  inhabited  by  the 
Britons,  and  that  it  was  successively  conquered  by  the  Romans,  the 
Saxons,  the  Danes,  and  the  Normans ;  and  we  find  in  our  island 
coins,  weapons,  and  other  monuments  of  all  these  different  nations, 
to  confirm  the  accounts  of  history.  But  confined,  as  these  remains 
are,  to  the  superficial  soil,  and  not  unfrequently  blended  together,  it 
would  be  difficult,  in  the  absence  of  history  or  tradition,  to  disprove 
the  assertion  that  these  tribes  were  all  contemporaneous  inhabitants 
of  the  country,  much  less  could  we  prove  that  a  considerable  length 
of  time  elapsed  between  their  different  immigrations.  The  piMse, 
however,  would  be  different,  should  we  find  these  remains  arranged 
in  the  following  manner  : — Let  us  suppose  that  in  a  certain  part  of 
England,  we  will  say  its  western  coast,  we  should  find  the  remains 
of  a  town,  buried,  like  some  villages  on  the  coasts  of  Cornwall  and 
Ireland,  beneath  heaps  of  blown  sand,  and  that  in  this  town  were 
found  inscriptions  in  the  English  language,  and  a  series  of  coins 
from  the  time  of  Charles  I.  to  the  reign  of  Queen  Anne.  It  would 
be  a  sound  inference  that  this  town  had  been  inhabited  by  the 
English  during  the  interval  between  those  reigns,  and  that  it  was 
overwhelmed  with  sand  during  or  immediately  after  the  close  of  the 
latter  reign.  Let  us  suppose,  again,  that  in  excavating  beneath  the 
foundations  of  this  town  we  should  find  the  ruins  of  another, 
consisting  of  burned  and  blackened  bricks  and  stones  mixed  with 
calcined  human  bones  and  fragments  of  burned  timber,  together 
with  coins  and  medals,  and  the  least  perishable  articles  of  dress  and 
furniture,  all  exhibiting  appearances  of  having  passed  through  the 
fire ;  and  let  us  suppose  that  the  most  ancient  coins  met  with  were 
of  the  reign  of  Henry  VIII.,  and  the  most  recent  those  of  the  early 
part  of  the  reign  of  Charles  I.  We  should  conclude  that  this  town 
had  been  burned  during  that  reign,  and  that  on  its  ruins  had  arisen 
another  which  had  subsequently  been  covered  by  sand.     Let  us 
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fu^h(|f  Hippos^,  that  in  sinking  a  well  a  bed  of  clay  four  or  five  feet 
thick  should  be  met  with  beneath  the  ruins  of  the  burned  town ; 
that  this  clay  contained  the  remains  of  land-animals,  mixed  with 
thin  and  fragile  shells,  such  as  those  which  inhabit  fresh  water,  and 
M  hich  proved,  on  examination,  to  be  identical'  in  species  with  those 
still  inhabiting  lakes  imd  stagnant  pools  in  the  neighbourhood.  We 
coiild  scarcely  avoid  the  conclusion  that  a  lake  had  formerly  existed 
on  this  spot,  which  had  either  been  laid  dry  by  some  natural 
procesfif,  or  had  been  drained  artificially,  ^nd  that  on  its  site  had 
been  founded  the  town  which  was  burned  in  the  reign  of  Charles  I. 
We  will  now  suppose  that  in  the  immediate  vicinity  there  was  a 
volcano  subject  to  periodical  eruptions  after  intervals  of  repose  of  a 
few  years^  duration ;  that  streams  of  lava  had  been  seen  to  flow  from 
it,  and  to  cool  into  solid  rock ;  that  at  other  times  fine  ashes  and 
scoriflQ  ejected  from  its  crater,  and  mixed  with  water,  had  been  seen 
to  form  mud,  and  to  solidify  into  a  rock  of  an  earthy  appearance, 
called  volcanic  tufa,  while  occasionally  torrents  of  hot  mud  were 
known  to  have  burst  forth  from  the  crater,  and  to  have  hardened 
into  the  same  kind  of  tufa. 

Let  us  suppose,  likewise,  that  beds  of  lava  might  be  traced  from 
the  sides  of  this  mountain  till  they  were  seen  to  run  under  the 
stratum  of  clay  forming  the  bottom  of  the  ancient  lake,  and  that  on 
sinking  through  the  clay  and  lava  another  town  should  be  met  with 
in  the  same  state  as  the  cities  of  Pompeii  and  Herculaneum ;  we 
should  conclude,  though  we  had  never  heard  of  those  cities,  and  of 
the  mode  of  their  destruction,  that  this  town  had  been  overwhelmed 
by  an  eruption  of  the  neighbouring  volcano,  and  that  a  lake  had 
subsequently  formed  in  a  hollow  on  the  surface  of  the  lava.     We 
will  suppose  that  the  implements  and  articles  of  dress  and  furniture 
found  in  this  town  were  of  a  very  different  kind  from  those  found  in 
the  former  town,  and  that  the  inscriptions  on  the  monuments  and 
public  works  were  in  Latin  instead  of  in  English;  we  should  learn 
from  these  circumstances  that  the  modern  English  were  not  the 
original  inhabitants  of  the  country,  but  that  they  had  been  preceded 
by  another  people  of  different  language  and  manners,  who  had  inha- 
bited  it  for  a  considerable  period.     Triumphs,   sacrifices,   feasts, 
marriages,  and  funerals,  represented  on  medals  and  on  the  basso 
relievos  of  the  public  buildings,  would  give  some  insight  into  the 
manners  and  customs  of  this  ancient  people.     In  some  of  the  houses 
at  Pompeii  there  were  found  not  only  carbonized  almonds  and  chest- 
nuts, but  even  moist  olives  preserved  in  a  glass-case,  a  loaf  of  bread 
retaining  its  shape,  and  marked  with  the  name  of  the  baker,  was 
found  in  one  shop  ;  and  in  that  of  an  apothecary  was  discovered  a 
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box  of  pills,  with  a  small  C)^lindrical  roll  by  its  side,  evidently  pre- 
pared to  be  cut  into  pills.  Now,  if  in  our  suppositious  Roman  town 
in  England  fruits  of  the  same  kind  were  found, — if  apparatus  for 
making  wine  and  oil  were  common  in  the  houses, — and  if,  from 
the  suddenness  of  the  catastrophe,  the  wine-press  or  the  olive-vat 
appeared  to  have  been  abandoned,  on  the  approach  of  the  lava,  in 
the  midst  of  one  of  these  operations,  it  would  be  no  visionary 
conclusion  that  during  the  Roman  era  the  climate  of  England  was 
warmer  than  at  present,  for  the  vine  and  the  olive  to  bring  their 
fruit  to  maturity,  and  to  be  cultivated  for  the  purpose  of  making 
wine  and  oil ;  and  we  should  thus  learn  another  curious  fact,  that 
there  had  been  a  change  of  climate  as  well  as  a  change  of  inhabitants. 

Again,  let  us  suppose  this  town  to  stand  on  a  series  of  beds  of 
marl  and  clay,  alternating  with  beds  of  lava,  and  that  the  strata  of 
marl  and  clay,  besides  shells  such  as  inhabit  shallow  estuaries, 
contained  human  remains  and  works  of  art, — that  in  the  upper 
strata  were  found  coins  and  fragments  of  pottery,  like  those  of  the 
Roman,  or  third  city  from  the  surface, — and  that  the  lower  beds, 
besides  the  estuary  shells,  contained  the  bones  of  stags,  and  buffa- 
loes, and  the  tusks  of  wild  boars,  together  with  the  canoes,  stone 
hatchets,  flint  arrow-heads,  and  other  relics  of  a  rude  tribe  of 
hunters ;  while  towards  the  middle  of  the  series  were  strata  con- 
taining the  mingled  remains  of  the  two  people : — From  the  shells 
being  marine,  and  of  those  genera  and  species  that  frequent  brackish 
estuaries, — from  their  state  of  preservation, — and  from  their  being 
found  of  every  age  from  the  young  to  that  of  full-grown  individuals, 
with  every  indication  of  their  having  lived  and  died  on  the  spot,  we 
should  conclude  that  at  some  remote  period  these  strata  had  formed 
the  mud  and  sand  at  the  bottom  of  an  estuary,  into  which  rivers 
had  borne  down  the  remains  of  animals  inhabiting  the  neighbouring 
forests ;  that  some  of  the  human  remains  had  been  conveyed  into  it 
by  the  same  means,  and  that  others  had  become  imbedded  by  the 
swamping  of  the  canoes  of  the  savage,  or  the  stranding  of  the  navies 
of  the  civilized  people. 

Now  as  men  do  not  build  cities  beneath  the  waters,  we  must 
conclude  that  this  estuary  had  been  converted  into  dry  land,  before 
the  foundation  of  the  Roman  city  whose  fate  it  was  to  be  over- 
whelmed by  a  volcanic  eruption,  and  the  beds  of  lava  alternating 
with  the  marine  strata  would  convince  us  that  the  volcanic  action 
must  have  been  going  on  in  the  neighbourhood  for  a  considerable 
period  before  this  catastrophe. 

We  will  now  suppose  a  shaft  to  bo  sunk  to  a  still  greater  depth, 
either  in  the  prosecution  of  some  mining  operation,  or  to  satisfy  the 
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curiosity  excited  by  these  wonderful  discoveries,  the  jnore  wonderful 
because  no  tradition  existed  of  the  island  having  had  any  other 
inhabitants  than  the  nation  at  present  possessing  it ;  and  we  will 
suppose  that  this  shaft,  in  its  progress,  passed  through  a  series  of 
strata  containing  no  human  remains  or  works  of  art,  but  abounding 
in  marine  shells,  we  should  then  have  satisfactory  evidence  that  the 
tribe  of  hunters  whose  rude  weapons  and  canoes  were  the  lowest! 
human  remains  met  with,  were  the  first  people  who  inhabited  the 
neighbouring  land.    Should  we  arrive  at  a  point  where  beds  of  lava 
no  longer  occurred,  we  should  ascertain  the  period  when  this  volcano 
broke  out.     We  will  suppose  that  the  shells  also  change  their 
character  in  the  lower  beds,  and  are  no  longei^  estuary  shells,  but  of 
such  kinds  as  are  found  in  deep  water,  and  that  beds  of  sandstone 
and  conglomerate,  containing  no  organic  remains,  are  found  at 
greater  depths ;  and,  finally,  that  a  mass  of  granite  is  penetrated  in 
which  the  operations  are  carried  for  several  hundred  feet,  until  the 
great  depth  of  the  shaft  renders  it  impossible  to  prosecute  the  work 
further.    The  phenoniena  which  we  have  been  supposing  to  be  dis- 
covered would  afford  satisfactory  evidence  of  the  following  changes 
as  having  taken  place  on  this  spot. 

We  3hould  have,  in  the  ascending  order- 
ly A  sea  too  deep  in  this  place  to  support  animal  life,  and 
having  a  rocky  bottom  of  granite.     On  this  bottom  were  thrown 
down  the  detritus  of  projecting  peaks  of  granite,  affording  materials 
for  the  conglomerates  and  sandstones. 

2.  The  depths  of  this  abyss  are  in  this  way  gradually  filled  up 
till  it  is  rendered  habitable  by  molluscs  frequenting  deep  water. 

3.  The  process  of  filling  up  continues  till  this  sea  becomes  a 
shallow  estuary. 

4.  Volcanic  action  conmienees  in  the  neighbourhood,  and  has 
continued  in  activity  ever  since.  It  was  probably  the  means  of 
elevating  and  laying  dry  parts  of  the  bed  of  the  sea,  and  of  forming 
a  eontinent  or  large  island  in  the  vicinity ;  for  the  remains  of  trees 
and  of  land  animals  are  now  found  imbedded  in  the  sedimentary 
deposits. 

5.  The  neighbouring  land  is  at  length  inhabited  by  a  tribe  of 
hunters,  who  continue  to  occupy  it  nnmolested  tor  some  time,  as 
their  reliquiae  are  the  only  human  remains  met  with  in  a  series  of 
beds  of  considerable  collective  thickness. 

6.  The  estuary  becomes  dry  land ;  a  nation  in  a  more  advanced 
stage  of  civilization  colonizes  the  country,  and  builds  a  city,  which, 
after  the  lapse  of  several  generations,  is  buried  beneath  a  torrent  q[ 
lava. 
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7.  A  lake  is  formed  in  a  hollow  on  the  surface  of  this  lava.  It 
becomes  filled  up  with  sediment,  or  is  drained  artificially.  A  town 
is  founded  on  its  site,  and  is  inhabited  during  the  reigns  of  many 
kings  by  a  race  of  people  speaking  the  same  language  as  the  present 
inhabitants  of  the  country. 

8.  This  town  is  destroyed  by  fire,  and  another  quickly  springs 
up  on  its  ruins,  which  is  overwhelmed  in  its  turn  by  heaps  of  blown 

In  one  respect  we  have  followed  the  example  of  the  cosmological 
writers;  we  have  assumed  our  data.  We  have  imagined  active 
Tolcanos  in  England,  and  have  supposed  them  to  have  destroyed 
towns,  after  the  manner  of  Herculaneum  and  Pompeii,  which,  as 
far  as  England  is  concerned,  is  a  pure  fiction.  Neither  is  there 
known  any  locality  in  the  world  in  which  a  similar  succession  of 
human  fossil  remains  have  been  met  with.  In  one  place  the  remains 
of  a  town  are  found  buried  beneath  sand ;  in  another  country  a  city, 
exactly  in  the  state  it  was  nearly  two  thousand  years  ago,  has  been 
preserved  under  a  bed  of  lava.  The  skeletons,  the  rude  weapons, 
and  the  canoes  of  the  savage,  have  been  found  in  the  peat-moss  and 
in  the  lacustrine  strata  of  marl,  or  in  the  ancient  estuary  below  the 
peat ;  but  beneath  these  there  has  never  been  found  any  succession 
of  aqueous  strata  alternating  with  beds  of  lava,  and  containing 
human  remains.  Something  of  the  kind  might  perhaps  be  found, 
could  we  have  access  to  the  strata  now  forming  in  the  Mediter- 
ranean, in  the  vicinity  of  active  volcanos,  and  of  those  countries 
which  were  among  the  earliest  habitations  of  the  human  race ;  but 
such  formations  are  yet  submarine. 

We  have  supposed  the  succession  of  strata  containing  human 
remains  described  above,  for  the  purpose  of  illustrating  the  kind  of 
evidence  by  which  we  obtain  information  as  to  the  changes  which 
the  same  part  of  the  earth^s  surface  has  at  different  times  undergone, 
and  for  the  purpose  of  showing  the  means  by  which  it  is  rendered 
evident  that  time,  and  a  long  lapse  of  time,  must  have  been  required 
for  the  formation  of  the  fossiliferous  strata  constituting  the  earth^s 
crust.  By  means  of  the  series  of  strata  containing  human  remains, 
which  we  have  supposed  to  be  arranged  over  one  another  (had  any 
such  series  existed),  we  should  be  able  to  prove,  though  history 
were  silent  on  the  subject,  that  this  island  had  been  successively 
peopled  by  several  nations  of  difierent  languages,  manners,  and 
customs.  The  data  being  given,  the  inferences  would  be  conclusive. 
In  the  face  of  such  a  series,  it  would  be  the  height  of  absurdity  to 
assert  that  all  those  difierent  nations  inhabited  England  at  the  same 
time.     In  the  above  series,  for  England  substitute  our  planet ;  for 
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dead  languages  and  extinct  nations,  substitute  extinct  races  of 
animals;  and  for  Britons,  Romans,  and  Saxons,  substitute  the 
Mastodon  and  Dinotherium,  the  Ichthyosaurus  and  Iguanodon, 
the  Ammonite  and  the  Trilobite,  and  the  data  are  given  by  which 
we  prove  the  high  antiquity  of  the  globe.  In  the  case  of  human 
reliquiae  the  antiquary  ascribes  many  centuries  to  the  duration  of  a 
people  from  finding  the  coins  of  a  long  succession  of  kings,  and  as 
he  has  learned  the  average  duration  of  a  generation  of  men,  he  can 
with  precision  determine  the  length  of  time  during  which  successive 
people  and  dynasties  possessed  any  region  of  the  earth  where  these 
remains  are  found.  Now  what  coins  and  medals  are  to  the  anti- 
quary, organic  remains,  imbedded  in  a  vast  series  of  strata,  are  to 
the  geologist ;  a  series  so  vast,  that  it  furnishes  him  with  proofs  of 
the  lapse  of  ages,  during  the  progressive  formation  of  the  earth^s 
crust,  before  which  the  centuries  within  which  the  remotest 
researches  of  the  antiquary  are  limited  sink  into  insignificance. 

The  duration  of  those  ages  the  geologist  is  unable  at  present,  and 
perhaps  never  will  be  able,  to  define.  One  material  element  in  the 
calculation  is  wanting,  which  it  may  never  be  in  our  power  to 
obtain,  namely,  the  average  duration  of  the  life  of  certain  marine 
animals.  Could  we  procure  this  information,  we  might  arrive  at 
an  approximate  knowledge  of  the  duration  of  a  geological  epoch, 
that  is  to  say,  the  time  that  elapsed  during  the  formation  of  a  given 
series  of  strata. 

Thus  when  we  find  a  stratum  only  a  few  inches  thick,  con- 
taining a  particular  species  of  mollusc  in  every  stage  of  its  growth, 
all  the  shells  appearing  to  have  been  quietly  deposited  in  the 
sediment  of  the  sea  on  the  spot  where  they  lived,  without  any 
bed  either  above  or  below  for  more  than  one  hundred  yards  con- 
taining any  of  the  same  species,  it  appears  an  inevitable  conclusion 
that  the  whole  of  the  life-time  of  that  species  of  mollusc  was 
occupied  in  the  formation  of  these  few  inches  of  rock;  and  if 
we  knew  the  duration  of  that  life,  we  might  form  some  conjecture 
as  to  the  least  time  required  for  the  formation  of  the  many  miles  in 
thickness  of  the  fossiliferous  strata. 

Soluthns  of  Continuity  in  the  series  of  Deposits, 

Had  such  a  series  of  strata  as  we  have  been  supposing  to  have 
been  discovered  in  Britain  ever  existed  there,  we  should  have 
learned  from  it,  without  the  aid  of  history,  that  the  island  had 
successively  been  peopled  by  the  Britons,  Romans,  and  English; 
and  reasoning  on  that  case  alone,  we  should  probably  have  come  to 
the  erroneous  conclusion  that  they  were  the  only  people  who  had 
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ever  inhabited  it,  and  that  Henry  the  Eif^ith  was  the  immediate 
successor  of  the  kst  Roman  emperor  whose  medals  and  coins  were 
found  in  our  imaginary  English  Pompeii.  In  this  pkusible  error 
we  might  have  remained  until  the  chronological  series  was  com- 
pleted by  such  a  discovery  as  the  following: — Suppose,  in  soma 
distant  part  of  England,  there  were  a  conical  hill,  the  sides  of 
which  were  covered  with  ashes  and  scoriie,  and  that  there  were  a 
funnel-shaped  cavity  in  the  centre,  from  which  might  be  traced 
beds  of  rock  identical  in  character  with  the  beds  of  lava  of  the 
active  volcano;  we  should  have  evidence  that  this  neighbourhood 
had  formerly  been  the  theatre  of  volcanic  eruptions,  which  had 
ceased  before  the  commencement  of  history  or  tradition ;  and  if 
in  the  neighbourhood  of  this  extinct  volcano  there  were  a  series  of 
alternating  aqueous  and  igneous  rocks,  containing  human  remains, 
commencing  with  the  British,  continued  through  the  Roman  and 
Saxon,  and  terminating  in  the  Danish  era ;  and  if  in  a  third  locality 
we  should  find  a  series  commencing  with  the  Saxons,  and  continued 
to  the  reign  of  Queen  Elizabeth,  we  should  be  able,  by  combining 
these  phenomena,  to  complete  the  chronological  series.  On  the 
other  hand,  into  what  historical  errors  should  we  fall  by  confining 
our  generalizations  to  any  one  of  these  localities !  So  it  is  with 
geology.  We  imagine,  Bttet  the  careful  examination  of  an  exten* 
sive  region  of  the  earth,  that  we  have  completed  the  series  of  rocks, 
and  that  we  have  an  unbroken  record  of  the  organic  changes  which 
have  taken  place  upon  our  planet,  from  the  epoch  of  its  earliest 
habitable  state  to  the  present  time ;  but  no  sooner  have  we  arrived 
at  this  conclusion,  than  the  study  of  some  hitherto  unexplored 
r^on  convinces  us  that,  in  the  district  to  which  our  observations 
had  till  then  been  confined,  not  only  are  certain  terms  of  the  series 
wanting  in  any  given  formation  (by  which  is  meant  a  group  of 
rocks,  having  a  certain  general  resemblance  in  the  forms  of  their 
imbedded  fossils),  but  that  a  blank  exists,  in  which  the  numerous 
terms  of  a  new  series  must  be  introduced,  connecting  formations 
and  systems  of  formation  by  tliat  gradual  transition  from  one  animal 
form  to  another  which  prevails  throughout  nature,  and  the  absence 
of  which,  in  the  case  in  question,  ought  to  have  warned  us  to 
suspect  that  a  chasm  existed  which  future  observations  in  some 
other  quarters  of  the  world  would  hereafter  fill  up. 

Some  of  these  local  violations  of  continuity  will  be  noticed  here- 
after, when  describing  the  several  formations  in  detail.  It  was 
necessary  to  advert  to  the  subject  now,  in  pointing  out  the  kind  ot 
evidence  on  which  we  found  our  generalizations  respecting  the 
lapse  of  time   during  which  the   world   has  been  inhabited  by 
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snimab,  and  respecting  the  organio  itad  iaorganic  chuiges  wbiob 
have  taken  place  upon  its  surface. 

Means  by  which  the  Struotttre  of  the  Earth  is  laid  of)«»  tn  the  depth 
ofiotM  mile*. 

There  are  manj  persons  well  informed  respecting  the  figure  of 
the  earth,  and  its  physical  features,  whose  knowledge  of  its  struc- 
ture does  not  extend  bejond  the  popular  notion  that  it  consists  of 
a  heterogeneous  mass,  in  which  sand,  clay,  gravel,  and  a  variety  of 
rocks  are  blended  together,  with  no  more  regularity  than  the  ingre- 
dients of  a  plum-pudding.  They  suppose  that  this  was  its  orij^nal 
condition,  and  that  the  prment  physical  features  of  the  surface,  its 
mountains,  seas,  lakes,  and  valleys,  its  rocks  and  its  gravel,  existed 
from  the  beginning  as  we  see  them  now.  It  is  even  possible  to 
make  tlie  circuit  of  the  globe  without  obtaining  more  correct  infor- 
mation on  this  subject,  so  long  as  our  observations  are  confined  to 
the  surface  only ;  but  no  sooner  do  we  begin  to  penetrate  below  the 
sur&ce,  though  our  researches  may  be  limited  within  a  very  narrow 
area,  than  new  views  open  upon  us.  There  are  many  districts  in 
which  it  is  impossible  even  to  sink  a  well,  or  to  open  a  quarry  far 
the  repair  of  the  roads,  without  discovering  that  the  rocks  are 
arranged  in  layers,  and  succeed  one  another  in  regular  order.  Much 
valuable,  but  local,  and  unconnected  information,  was  thus  obtained 
by  miners  and  others  engaged  in  subterranean  operations;  and  these 
detuls,  extended,  combined,  and  generalized  by  geologists,  laid  ths 
foundation  of  our  knowledge  of  the  structure  of  the  earth. 

The  depth,  however,  to  which  this  structure  is  laid  open  by  the 
band  of  man,  is  extremely  limited  ;  the  deepest  mine  in  the  world 
penetrates  little  more  than  half  a  mile  below  the  surface,  or  about 
the  eight-thousandth  part  of  the  distance  from  the  surface  to  the 
centre  of  the  globe.  The  convulsions  which  the  crust  of  the  earth 
has  undergone  have  exposed  its  structure  to  a  much  greater  depth. 


In  clifls  on  the  sides  of  ravines,  on  the  banks  of  rivers,  and  on 
the  sea-shore,  the  strata  may  fretiuently  be  seen  resting  upon  one 
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another  in  an  inclined  position,  as  represented  in  the  annexed 
diagram,  fig.  38,  their  original  horizontal  state  having  been  dia* 
turbed  by  a  force  acting  from  below.  These  natural  sections  often 
extend  for  many  miles,  and  the  inclination  of  the  beds  causes  them 
to  emerge  successively  to  the  surface,  and  enables  us  to  estimate  the 
perpendicular  thickness  a  ^  of  the  whole  series  of  beds  from  a  to  it. 

Even  in  those  cases  where  the  succession  of  the  strata  is  not 
exposed  to  view  in  natural  sections,  their  inclined  position  renders 
it  possible  by  several  independent  sinkings  of  no  great  depth,  made 
at  different  points,  1,  2,  3,  judiciously  selected,  to  prove  the  order  of 
succession  of  the  different  layers,  whereas,  had  they  remained  hori- 
zontal, it  would  have  been  impossible  to  have  ascertained  this 
without  sinking  a  shaft  which  would  penetrate  all  the  beds.  By 
these  means  combined  we  obtain  a  knowledge  of  the  structure  of  the 
earth  to  the  depth  of  several  miles,  and  over  an  extensive  surface, 
and  find  that  it  consists  of  a  great  series  of  rocks  arranged  in  regular 
order.  The  same  kind  of  observations  conducted  in  distant  conn- 
tries,  demonstrate  that  similar  series,  maintaining  an  invariable 
order  of  succession,  occur  there  also. 

By  extending  these  observations,  we  shall  in  time  acquire  an 
accurate  knowledge  of  the  geology  of  the  entire  globe.  So  far  as 
these  researches  have  hitherto  gone,  they  show  a  remarkable  iden- 
tity in  the  older  nou-fossiliferous  strata  of  the  most  distant  regions. 
The  fossiliferous  rocks  resting  upon  them  are  less  uniform  in  their 
composition,  so  that  in  the  series,  a,  &,  r,  we  shall  find,  in  one 
country,  b  consisting  of  limestone,  in  another  of  calcareous  sand- 
stone, in  a  third  of  shale,  and  in  a  fourth  of  siliceous  rock;  but 
under  all  these  altered  aspects,  its  identity  may  be  ascertained  by 
its  organic  remains,  taken  as  a  group,  and  by  its  position  with 
respect  to  the  strata,  a  and  (?,  above  and  below  it. 

In  some  cases  we  may  travel  along  the  upturned  edge  of  a  stratum 
for  a  considerable  distance,  so  as  to  remove  all  doubts  of  its  identity, 
and  thus  obtain  ocular  demonstration  of  the  gradual  change  in  its 
mineral  character,  the  organic  remains  continuing  the  same.  In 
other  cases,  where  we  have  not  this  opportunity  of  observing  the 
gradual  change  in  composition,  we  infer  the  place  in  the  series  of 
two  rocks  at  a  distance  from  one  another,  and  of  a  different  mineral 
character,  by  the  identity,  as  groups,  of  the  organic  remains  of  those 
two  strata,  and  not  only  of  those  two,  but  also  of  those  above  and 
below  them  in  each  locality. 

The  information  thus  obtained,  we  represent  on  plans  and  in 
sections.  A  section  shows  the  strata  as  they  succeed  each  other  in 
the  eartlv  and  it  supposes  a  cutting  of  them  in  the  same  manner 
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that,  hj  cutting  an  onion,  we  show  the  different  coats  fii  whidi  it  if 
composed.  All  sections,  when  the  contraiy  is  not  expressed,  are 
supposed  to  be  made  perpendicular  to  a  horizontal  plane.  Id  a  plan, 
we  lay  down  on  a  horizontal  plane  the  superficial  area  occupied  hy 
each  bed,  as  it  rises  to  the  surface,  or,  in  the  language  of  miners, 
hataett  or  cri^i  out. 

We  trace  and  delineate  the  superficial  boundaries  of  strata,  by 
trareUiog  across  their  basset  edges,  in  a  number  of  parallel  lines; 
notinf^on  an  accurate  map  of  the  country,  the  several  points  at 
which  we  pass  from  one  kind  of  rock  to  another.  Thus  in  the 
annexed  diagram,  fig.  39,  in  crossing  the  country  intended  to  be 
represented  by  it  in  the  line  a  b,  a 
being  supposed  to  be  situated  on 
sandstone,  we  should  pass  at  a  from 
sandstone  to  limestone,  at  b  from 
limestone  to  slate,  at  e  from  slate  to 
granite,  at  d  from  granite  to  slate 
again,  at  e  from  slate  to  limestone,  at  £._ 
/  from  limestone  to  sandstone ;  and 
in  traversing  the  same  district  along 
the  lines  cd  and  bf,  we  should  find 
these  changes  take  place  at  the  points  a  b  &  d'  ^ /'  and  a'  i/"  cf' 
d!'  tf'  f"  respectively.  In  this  way  we  construct  geological  maps, 
distinguishing  by  different  colours  the  surface  occupied  by  each  kind 
of  rock. 

In  "speaking  of  a  portion  of  the  surface  bemg  occupied  by  any 
given  rock,  it  must  be  observed,  that  over  the  greater  part  of  the 
earth  is  spread  a  loose  irregular  covering  of  sand  and  gravel,  not 
forming  »  component  member  of  the  senes  of  rocks  Some  of  this 
gravel  has  been  formed  by  atmospheric  action  some  may  have  been 
caused  by  local  debacles  or  torrents,  by  the  bursting  of  lakes,  and  by 
rivers  having  changed  their  beds ;  some  may  have  been  shot  off  the 
flanks  of  the  nearest  mountains  during  some  period  of  elevation ; 
but  the  greater  part  of  it,  in  these  islands  at  least,  we  consider  to 
have  been  brought  together  by  that  great  diluvial  drift  from  the 
north,  to  which  we  have  already  alluded,  and  shall  hereafter  revert. 
In  geological  maps  and  sections,  this  loose  covering  is  disregarded, 
and  is  not  laid  dovm,  unless  attended  with  some  remarkable  pecu- 
liarities, which  render  it  deurable  to  mark  the  spot  where  th^ 
occur,  and  that  rock  which  lies  immediately  below  it.  Is  considered 
as  rising  to  the  surface. 

We  must  here  observe,  that  the  term,  rock,  is  applied  by  geolo- 
^sts,  not  only  to  those  bard  stony  masses  commonly  so  called,  but 
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to  0U7,  ioft  wutdBtone,  and  even  to  beds  of  iQCohennt  sud,  provided 
tbey  oonstitute  members  of  a  series  of  strata  or  beds. 

ClaaiJicaHon  of  Rockt.        Slratl/ed  and  Unttratified  Soch, 

Having  ascertained  that  the  crust  of  the  earth  consists  of  »  great 
succession  of  rocks,  laid  one  upon  another  in  a  certain  order,  our 
next  endeavour  is  to  classify  them,  or  to  arrange  in  groups  those 
rocks  between  which  the  closest  analogies  exist,  in  order  to  aid  the 
memory,  embarrassed  among  the  almost  endless  details  of  the  nume- 
rous alternations  of  calcareous,  argillaceous,  and  siliceous  strata,  of 
which  the  series  consists. 

In  entering  upon  this  task,  we  soon  discover  a  natural  and 
obvious  division  of  them  into  the  ttratified  and  the  utuiratified,  a 
division  founded  on  the  appearances  under  which  they  present  them- 
selves to  our  observation 
aa  masses.  A  stratified 
rook  is  one  whose  bound- 
ing surfaces  are  parallel, 
or  nearly  parallel,  for  great 
distances,  thus  including 
a  layer,  or  tabular  mass, 
which  is  called  a  stratum 
or  bed;  and  a  number  of 
theso  strata,  possessing  a 
common  character,  is  called  a  formation ;  tlius  we  speak  of  tho 
chalk  formation,  the  lias  formation,  the  carboniferous  formation. 
These  beds  may  be  either  horizontal,  fig.  40,  or  vertical,  or  curved 
and  contorted  as  in  figs.  42,  H,  45,  id. 

Jointed  and  Columnar  Structure, 

In  an  unstratified  rock,  there  is  none  of  this  parallelism  of  bounding 
surfaces  and  division  into  tabular  massoa,  continued  for  great  distances. 
They  usually  present  a  rude  amorphous  appearance  of  irregular  bum- 
mocks,  but  they  are  sometimes  divided  by  vertical  and  horizontal 
joints  into  blocks  of  a  regular  shape,  the  most  common  form  of  which 
is  that  of  a  prism  having  a  rectangular  base.  This  is  frequently  the 
case  with  granite.  When  the  breadth  of  these  blocks  is  considerable 
in  proportion  to  their  height,  they  often  assume  the  appearance  of 
beds,  and  the  rocks  in  which  they  occur,  have  been  in  coDseqnence 
mistaken  for  stratified  rocks ;  but  this  kind  of  structure  may  be  dis- 
tinguished from  true  stratification,  by  the  comparatively  small  spaces 
over  which  the  parallel  bounding  surfaces  of  these  false  beds  extend, 
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and  by  the  absence  of  bands,  or  thin  beds  of  rock,  of  a  different 
composition  from  the  rest  of  the  mass  alternating  with  these  pseudo- 
Btrata.  When  the  height  of  the  blocks  is  considerably  greater  than 
their  breadth,  the  rock  in  which  they  occur  is  said  to  have  a 
columnar  structure,  a  structure  very  common  in  basalt,  porphyry, 
and  greenstone.  ^, 

Sometimes  these  colamns  are  con- 
tinuous from  the  top  to  the  bottom  of 
the  mans,  in  other  cases  they  are  jointed, 
and  consist  of  a  number  of  abort  prisms 
placed  upon  one  another,  fig.  41.  This 
is  the  structure  of  the  basaltic  columns 
of  the  Giant's   Causeway,   where  the 

prisms  are  in  general  hexagonal,  though  _ 

some  occur  with  three,  four,  fire,  and  _. ---^-—     -_- 

eight  sides.  Quadrangular  prisms  are,  however,  the  most  common 
in  rocks  possessing  the  columnar  structure. 

Another  natural  division  of  rocks,  founded  on  the  mode  of  aggre- 
gation of  their  component  parts,  is  into  crystalline  and  sedimentary. 
Crystalline  rocks  are  composed  of  one  or  more  crystallized  minerals, 
which  must  have  been  generated  by  chemical  agency  in  the  mass  in 
which  they  occar,  either  from  a  state  of  fluidity,  or  under  the  influ- 
ence of  heat  or  electricity.  Sedimentary  rocks,  on  the  contrary, 
consiGt  of  abraded  fragments  of  older  rocks  in  various  states  of 
attrition,  brought  together  by  mechanical  agency,  that  is,  by  the 
moving  power  of  water.  Granite,  mica,  schist,  porphyry,  basalt, 
and  lava,  are  crystalline  rocks;  chalk,  shale,  sandstone,  and  con- 
glomerates, are  sedimentary  in  their  origin.  Rocks  again  are 
divided,  according  to  the  agencies  employed  in  their  formation,  into 
two  classes,  the  aqueous  and  the  igneous. 

The  boundaries  of  these  divisions  into  stratified  and  unstratified, 
crystalline  and  sedimentary,  igneous  and  aqueous  rocks,  coincide  to 
a  certain  extent,  though  not  entirely.  All  the  igneous  rocks,  for 
instance,  are  unstratified ;  but  there  are  some  rocks  of  undoubted 
igneous  origin,  which  are  not  crystalline :  there  are,  again,  some 
limestones  of  aqueous  origin,  which  are  both  crystalline  and  stratified; 
some  of  the  lower  stratified  rocks  are  of  a  decided  crystalline  cha- 
racter, but  their  origin  is  involved  in  much  obscurity ;  on  the  one 
band,  they  graduate  into  rocks  which  appear  to  have  been  formed  by 
igneous  action,  and  on  the  other,  into  rocks  which  are  decidedly 
fragmentary,  and  of  aqueous  formation;  and  there  are  again  other 
rocks,  which,  even  in  band-specimens,  exhibit  a  blending  of  the 
crystalline  and  mechanical  structure. 
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Fomliferous  and  Non-Fossili/erous  Strata, 

As  rocks  in  general  admit  of  a  natural  classification  into  the 
stratified  and  unstratified,  so  they  admit  of  another  equally-natural 
division,  into  the  fossiliferous  and  non-fossiliferous.  Fossiliferous 
rocks  are  those  which,  taken  as  a  whole,  contain  organic  remains ; 
we  say  taken  as  a  whole,  for  strata,  though  devoid  of  fossils,  are 
classed  among  the  fossiliferous  series,  if  they  alternate  with  beds 
which  contain  them.  In  forming  the  subordinate  groups,  no  one 
principle  is  applicable  to  the  whole  series.  The  unstratified  rocks 
consist  of  a  few  simple  minerals,  quartz,  felspar,  augite,  horn- 
blende, mica,  chlorite,  talc,  diallage,  and  serpentine,  variously  com- 
bined ;  they  rarely,  if  ever,  contain  organic  remains ;  they  occur 
in  irregular  masses  beneath  the  other  strata,  or  protruding  through 
them,  or  traversing  them  vertically,  as  dikes  or  veins ;  they  have 
no  constant  relation  to  one  another,  or  to  the  stratified  rocks; 
it  is  impossible,  therefore,  to  reduce  them  to  a  series,  or  to  arrange 
them  in  chronological  order,  except  in  those  cases  where  they  occur 
associated  with  stratified  rocks,  whose  relative  position,  and  con- 
sequent age,  is  known.  The  unstratified  rocks,  therefore,  only 
admit  of  a  mineralogical  classification,  and  many  of  them  pass  so 
insensibly  into  one  another,  by  the  absence  of  one  particular 
mineral,  and  the  presence  of  another,  that  it  is  a  matter  of  no 
small  difficulty  to  frame  a  definite  nomenclature  for  all  those  com- 
pounds ;  and  it  is  frequently  better  to  describe  their  composition 
than  to  attempt  to  give  them  names.  The  same  remark  applies  to 
the  non- fossiliferous  strata,  which  are  so  closely  allied  in  composition 
to  some  of  the  igneous  rocks.  They  admit  of  no  other  arrangement 
than  one  founded  on  their  mineral  character ;  they  can  scarcely  be 
said  to  have  any  regular  order,  though,  on  the  whole,  the  compounds 
called  gneiss  and  mica  slate  occupy  the  lower  parts. 

On  the  other  hand,  a  mineralogical  classification  is  inapplicable 
to  the  fossiliferous  rocks.  Notwithstanding  their  great  variety  of 
colours,  and  degrees  of  hardness,  they  can  only  be  viewed,  when 
considered  mineralogically,  as  a  series  of  clays,  sandstones,  and 
limestones,  repeated  again  and  again.  We  have,  for  instance,  fre- 
quent alternations  of  calcareous  strata  with  shales  and  sandstones  in 
the  carboniferous  series,  with  clay  and  sand  in  the  oolitic,  cretaceous, 
and  tertiary  systems ;  and  there  is,  without  doubt,  a  certain  general 
difference  between  the  limestones  of  these  different  eras ;  but,  on 
the  other  hand,  as  we  have  before  remarked,  the  mineral  composition 
of  groups  or  particular  beds  is  only  characteristic  of  small  areas. 
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The  carboniferous  limestone  of  the  southern  parts  of  England,  in 
\Fhich  limestone  is  the  prevailing  rock,  and  coal  does  not  occur, 
passes,  in  the  north  of  England,  into  a  series  of  shales,  sandstones, 
and  beds  of  coal,  and  the  limestone  becomes  a  subordinate  member. 
So,  also,  the  oolite  of  the  south-west  of  England  consists  chiefly  of 
calcareous  strata,  abounding  in  marine  exuviae.  In  Yorkshire  it  is 
represented  by  beds  of  sandstone  and  shale,  associated  with  an  infe- 
rior kind  of  coal  or  lignite,  the  organic  remains  are  chiefly  those  of 
land  plants,  and  the  marine  remains  are  by  no  means  numerous. 
The  representatives  of  these  strata  among  the  Alps  (the  lower  part 
of  the  Jura  limestone)  consist  of  indurated  rocks,  so  closely  resem- 
bling the  calcareous  parts  of  the  slate  series,  that  they  were  for  a 
long  time  confounded  with  them,  and  their  real  age  was  only  dis- 
covered by  the  examination  of  their  organic  remains. 

The  cretaceous  rocks  are  a  family  of  extensive  distribution  in 
Europe,  and  are  among  the  most  persistent  in  their  mineral  cha- 
racter over  large  areas.  The  white  chalk  of  the  British  islands 
prevails  over  a  large  part  of  France  and  Germany,  and  occurs  in 
Poland,  Sweden,  and  Prussia ;  but  in  the  Alps,  the  rocks  of  this 
age  (the  upper  part  of  the  Jura  limestone),  as  characterized  by 
organic  remains,  consist  of  compact  limestones  and  sandstones,  equal 
in  hardness  to  those  of  the  older  formations. 

In  the  Pyrenees  and  Spain,  according  to  Mr.  Lyell,  the  rocks  of 
the  same  era  are  represented  by  compact  and  crystalline  marbles, 
conglomerates,  red  sandstone,  and  thin  shales  and  grits  containing 
fossils  which  are  characteristic  of  the  chalk  in  other  parts  of  Europe. 
So  again  among  the  strata  above  the  chalk,  rocks  occur  which  pos- 
sess precisely  the  mineral  composition  which  was  at  one  time  deemed 
characteristic  of  older  formations.  There  are  tertiary  limestones 
which,  except  by  their  fossils,  cannot  be  distinguished,  particularly 
in  hand-specimens,  from  chalk  and  oolite,  and  there  are  tertiary 
arenaceous  deposits,  which  might  be  mistaken  for  the  new  red 
sandstone. 

Brine-springs  and  beds  of  rock-salt  were  formerly  considered 
characteristic  of  that  formation;  but  in  Spain  they  occur  among 
the  rocks  of  the  age  of  our  chalk,  and  in  Poland  Jn  tertiary  strata. 
The  fossiliferous  strata,  therefore,  must  be  classified  according  to  the 
organic  remains  contained  in  them ;  and  when  we  say  that  a  given 
order  of  succession  prevails  among  the  stratified  rocks,  we  mean 
that  certain  systems  of  strata,  that  is,  of  mineral  substances,  no 
matter  of  what  kind,  have  been  successively  deposited  at  different 
distant  epochs,  and  that  in  those  countries  the  structure  of  which 
has  hitherto  been   most  examined,  they  contain,  certain  general 
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assemblages  of  fossils  which  are  not  to  be  found  in  the  strata  above 
or  below  them. 

Estplanation  of  Tertn$»        Dip. 

We  have  spoken  of  the  inclined  position  of  the  stratified  rooks 
as  affording  us  >n  insight  into  the  structure  of  the  earth,  to  a 
greater  depth  than  would  otherwise  have  been  accessible  to  us* 
This,  though  evidently  not  their  original  condition,  is  that  under 
which  they  are  most  commonly  found.  There  is  abundant  evidenoe 
that  they  were  deposited  by  water,  that  each  of  them  successively 
formed  the  nearly  level  bed  of  the  ocean,  and  consequently  that, 
however  inclined  they  may  be  now,  they  once  must  have  been  hori* 
zontal,  in  which  state  they  may  now  occasionally  be  seen,  though 
in  most  cases  they  deviate  more  or  less  from  the  horizontal  posi- 
tion, are  sometimes  found  highly  inclined,  or  quite  vertical,  and 
often  bent  and  contorted.  They  are  always  found  to  have  the 
greatest  inclination  in  the  vicinity  of  masses  of  unstratiiied  rocks. 

The  centre  of  a  chain  of  mountains  consists  in  general  of  a  mass 
of  granite  or  unstratified  rock,  on  either  side  of  which  are  found  the 
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stratified  rocks,  highly  inclined,  the  non-fossiliferous  strata  being 
nearest  to  the  unstratified  rocks,  and  the  fossiliferous  strata  succeed- 
ing [them  in  that  order  which  has  been  found,  on  the  evidence  of 
organic  remains,  to  be  invariable  among  them,  so  that  the  same 
series  of  beds  is  repeated  in  the  same  manner  on  each  side  of  the 
chain,  as  in  fig.  42,  where  a  represents  the  unstratified  rocks,  b  the 
non-fossiliferous  strata,  and  c  the  fossiliferous.  As  the  strata  recede 
from  the  mountains,  they  become  more  horizontal,  till  ^in  the  plains 
they  deviate  very  little  from  that  position. 

This  inclination  of  strata  is  called  their  Dip^  the  amount  of 
which  is  expressed  by  the  angle  it  makes  with  an  horizontal  plane^ 
and  its  direction  by  the  point  of  the  compass  to  which  the  strata 
decline. 

Strike. 

The  Strikey  or  direction  of  a  bed,  is  a  line  at  right  angles  to  its 
dip.  If  we  place  on  a  table  a  number  of  books,  laid  on  one  another, 
supported  by  another  book,  the  table  will  represent  the  horizontal 
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plane,  and  the  angle  which  the  tilted  books  make  with  the  table, 
will  be  the  angle  of  their  dip ;  that  is,  the  more  upright  the  books, 
the  greater  the  dip,  and  the  less 
they  were  tilted,   the  less  the  ^ 

angle  of  the  dip.  The  strike, 
or  direction,  again,  would  bo 
represented  by  the  lines  of  the 
backs  of  the  books.  If  the  books 
dipped  towards  the  north  and 
south,  their  strike  would  be  east 
and  west ;  if  they  dipped  either  to  the  cast  or  the  west,  their  strike 
would  be  north  and  south.  Having  found  the  dip  of  a  stratum,  or 
series  of  strata,  we  know  the  direction  of  the  strike ;  but  the  con- 
verse will  not  hold  good;  the  dip  cannot  be  deduced  from  the  strike, 
since  there  are  two  lines  of  dip  common  to  each  line  of  strike,  and 
strata  having  a  north  and  south  strike,  may  dip  either  to  the  east 
or  west. 

In  traversing  the  north  of  England,  from  west  to  east,  we  find 
the  stratified  rocks  dipping  from  the  Cumbrian  chain  westward  to 
tlie  Irish  Sea,  and  eastward  to  the  German  Ocean,  and  the  strata  of 
the  east  of  England  pass  under  the  sea,  and  rise  again  on  the  Con- 
tinent with  an  inverted  dip  against  the  slopes  of  the  next  chain  of 
mountains. 

The  surface  of  the  earth  may  thus  be  considered  as  a  series  of 
basins  filled  with  stratified  rocks,  and  bounded  by  masses  of  uustra- 
tified  rocks ;  the  strata  being  tilted  towards  the  outsides  of  these 
basins,  and  h<Mrizontal  or  nearly  so  towards  their  centres. 

Anticlinal  and  Synclinal  Lines. 

That  line  in  a  chain  of  hills  or  a  valley  from  which  the  strata 
dip  in  two  opposite  directions,  is  called  an  Anticlinal  Line^  or  axis. 
If  a  book  be  placed  half  open  on  its  edges,  like  the  roof  of  a  house 
(a,  fig.  43),  the  line  of  the  back  of  the  book  will  represent  an  anti- 
clinal line,  and  die  leaves  will  represent  the  strata  dipping  in  oppo- 
site directions,  and  the  line  along  which  the  edge  of  the  book  meets 
the  edge  of  another  book  placed  parallel  to  it,  will  represent  what 
is  called  a  Synclinal  line,,  namely,  that  along  which  the  strata  dip 
towards  eadi  other.  Anticlinal,  as  well  as  synclinal  lines,  may  run 
either  along  the  ridge  of  a  hill,  or  the  bottom  of  a  valley,  as  ejbown 
in  the  annexed  diagram,  where  a  a  represent  anticlinal  lines,  on  the 
summits  of  hills,  and  &  an  anticlinal  line  in  a  valley,  in  neidier  of 
which  cases  has  the  onstratified  rock  below  been  forced  through  the 
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Stratified  rock  as  it  has  at  a".    At  &  is  a  synclinal  line  running  along 
the  bottom  of  a  valley,  and  V  V  are  synclinal  lines  on  hills. 

In  some  cases,  a  country  is  traversed  by  a  series  of  anticlinal 
lines  running  parallel  with  each  other  for  a  considerable  distance. 
In  other  cases,  one  set  of  anticlinal  lines  is  crossed  by  others  having 
different  directions.  The  broken  and  confused  state  of  the  strata, 
under  these  latter  circumstances,  may  easily  be  unagined.  North 
Wales  affords  instances  of  both  these  conditions.  From  the  Menai 
Straits  to  near  the  English  border,  the  anticlinal  lines  having  a 
direction  about  e.n.e.,  and  w.s.w.,  succeed  one  another  with  the 

greatest  regularity  of  pa- 
rallelism, and  often  with- 
in less  than  three  miles 
of  one  another,  so  that 
fig.  44  nearly  represents 
the  state  of  the  strata  ia 
the  Cambrian  range;  but  east  of  the  Berwens  these  are  crossed  by 
other  anticlinal  lines,  having  a  different  direction,  which  have  broken 
the  strata  up  in  all  directions,  and  have  given  to  them  the  appear- 
ance of  the  waves  of  a  troubled  sea. 

Conformable  and  Uncomformable  Position. 

When  the  planes  of  strata  are  parallel  to  one  another,  like  the  books 
of  each  series  in  fig.  43,  they  are  said  to  be  conformable ;  no  matter 
whether  their  position  be  horizontal,  vertical,  or  of  any  intermediate 
degree  of  elevation ;  but  it  has  frequently  happened  that,  after  one 
set  of  strata  were  deposited,  they  have  been  tilted,  and  another  set 
have  been  deposited  horizontally,  either  upon  their  upturned  edges, 
or  abutting  against  them,  in  both  of  which  cases  the  two  sets  of 
strata  are  said  to  be  unconformable. 

So  in  fig.  45  the  beds  of  the  series  a  are  conformable  to  one 

another,  but  are  unconform- 
^^  able  to  those  of  the  series 

J        ^m^':'m\  -Wmt:       r fc.    It  may  be  observed  here, 

that  by  means  of  this  un- 
conformable position  of  some 
strata  in  certain  localities, 
we  learn  that  all  the  chains  of  mountains  in  the  world  were  not  of 
contemporaneous  origin,  but  have  been  upheaved  at  several  succes- 
sive epochs.  Thus,  if  on  the  flanks  of  one  chain  we  find  a  series  of 
strata  a,  fig.  45,  tilted  and  covered  unconformably  by  another  set  d, 
it  is  obvious  that  the  chain  must  have  been  thrown  up  after  a  was 
deposited,  but  before  the  formation  of  the  series  b ;  and  if,  on  the 
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flanks  of  another  chain,  tho  series  a  and  b  are  both  found  tilted  and 
covered  unconformably  by  another  set  <?,  fig.  46,  we  have  evidence 
that  this  chain  of  mountains  is  of  more  recent  origin  than  that  on 
the  flanks  of  which  the  strata  b  are  undisturbed. 


Order  of  Succession  nevei'  inverted. 

We  have  spoken  of  the  strata  having  an  invariable  order  of  suc- 
cession, which  order  is  never  inverted,  so  that  in  the  series  ab  cd^  a 
b  and  c  are  never  found  below  d^  nor  a  and  b  below  c,  nor  a  below 

b ;  and  when  the  sequence  is  not  broken,  c      47 

always  rests  on  rf,  b  on  c,  and  a  on  6.     It      ' 


must  not,  however,  be  supposed  that  this  last  >"^^^/.^^cg:;j^  ^^f* 
is  always  the  case ;  for,  as  we  have  already 
hinted,  there  have  been  many  breaches  of 
continuity  in  the  order  of  succession,  so  that 
between  two  given  strata,  not  only  is  another  stratum  wanting,  but 
in  some  cases  a  whole  system  of  strata,  which  are  found  between 
those  two  beds  in  other  localities.  This  may  have  arisen  from  two 
causes ;  either  the  missing  beds  may  never  have  been  formed  on  that 
spot,  or  after  they  were  formed,  they  have  been  removed,  or 
denuded^  as  it  is  called,  by  the  abrading  action  of  water,  before  the 
newer  strata  were  deposited. 

Thinning  off  of  Strata. 

In  cases  where  the  strata  rest  unconformably  on  one  another,  as  in 
fig.  46,  very  modem  beds  maybe  in  contact  with  very  ancient  beds; 
and  if  we  assume  for  the  present  what  we  shall  hereafter  produce 
evidence  to  prove,  that  the  stratified  rocks  have  been  formed  beneath 
the  bed  of  the  sea,  and  upraised  by  the  unstratified  rocks  bursting 
out  from  below,  and  that  there  have  been  subsidences  and  re-eleva- 
tions of  parts  of  the  earth^s  crust,  we  can  readily  account  for  the 
intermediate  parts  of  the  series  not  having  been  formed  on  that  spot. 
The  forces  which  tilted  the  older  strata  may  have  raised  them  above 
the  surface  of  the  sea;  after  remaining  in  that  state  for  some  time, 
they  may  have  been  again  submerged.  But  in  cases  where  there 
has  been  none  of  this  violent  disturbance,  but  the  strata  are  con- 
formable, we  sometimes  find  a  particular  bed  gradually  diminishing 
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in  thickness,  or  thinning  of,  as  it  is  termed,  till  it  is  lost  entirely,  as 
in  the  annexed  diagram,  fig.  48,  and  a  is  seen  resting  conformably 
on  c  at  ^,  while,  at  A,  b  is  largely  developed,  and  a  b  c  succeed  each 
other  in  regular  order.  This  very  frequently  happens  with  a  single 
bed  of  a  series,  or  formation,  and  sometimes  with  a  whole  formation. 

^     -w        —  .  ,-  -'    -      (/ 
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No  sets  of  strata  are  universally  continuous;  there  are  no 
universally  stratified  rocks,  though  certain  groups  of  them  are  found 
over  such  extensive  areas  as  to  lead  to  the  conclusion  that  they  were 
formed  by  very  extensive  and  uniform  causes.  In  general,  the  older 
the  formation  the  greater  is  its  extent. 

Den%idation. 

In  other  cases,  where  two  beds  rest  conformably  on  one  another, 
and  the  upper  surface  of  the  lower  bed  c  has  been  water-worn,  as  in 
fig.  49,  before  the  upper  one  h  was  deposited,  an  intermediate  bed  or 
beds  may  have  been  formed  on  this  sjwt,  and  subsequently  removed 
by  denudation.  We  have  sometimes  direct  evidence  of  this,  when 
we  find  a  and  c  in  contact, 
the  sole  remains  of  b  being 
the  portions  lodged  in  the 
hollows  in  the  surface  of  (J, 
which  thus  escaped  the 
abrading  action  which  re- 
moved the  rest  of  the 
bed. 
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Overlap  and  Outlier, 

Pig.  60  represents  a  section  extending  over  several  miles,  and 
exhibits  an  instance  of  an  Overlap,  and  an  Outlier.  In  this  section  e 
and  ef  were  once  continuous  portions  of  the  same  bed,  which  rested 
on,  and  extended  over,  the  edges  oiab  c.  The  portion  of  this  over- 
lapping bed,  which  connected  e  and  V,  having  been  removed  by 
denudation,  which  also  cut  into  the  beds  beneath,  the  deceptive 
appeaiance  is   produced  of  «  having  imo^ediat^ly  succe^ed  a, 


wh«r«u  its  real  place  in  the  series  is  after  d.  Inralattd  portions  of 
a  bed,  or  formation,  like  «,  separated  from  the  main  body  to  which 
they  belonged,  are  termed  euUierg. 


Faults. 

The  continuity  of  a  stratam  in  the  same  plane  is  frequently 
broken  by  Rssurea  or  dislocations,  termed  by  miners,  Faults,  as  repre- 
sented in  the  annexed  diagram,  lig.  .^I.  The  strata  at  a  a',  bb/,  ftc, 
were  once  continuous,  but  by  a  subsidence  of  the  portion  of  rock  on 
one  side  of  the  lino  of  fault,  or  by  nn  51 

elevation  of  that  on  the  other  side, 
the  beds  became  displaced,  so  that  a' 
is  several  feet  lower  than  a,  and 
abuts  againet  the  fractured  ends  o 
and  c,  while  b'  abuts  against  d.  These 
fissures  are  sometimes  a  mere  line, 
sometimes  they  are  many  feet  in 
width,  and  are  filled  with  clay  or  loose  stones.  They  occasion  great 
trouble  and  inconvenience  in  collieries,  by  cutting  off  the  beds  of 
coal,  and  rendering  it  necessary  to  search  for  them  in  a  different 
plane ;  but  they  are  accompanied  by  countervailing  advantages.  In 
the  first  place,  they  counteract  the  tendency  of  the  beds  arising 
from  their  inclined  position,  to  plunge  their  lower  ends  to  a  depth 
that  would  be  inaoceesible  but  for  these  faults,  which  divide  a  btd 
of  coal  into  several  table*  or  stages  ele- 
vated one  above  another,  (fig.  £2,)  and 
«o  kept  Dearer  the  surface  than  they 
otherwise  would  be.  And  secondly, 
when  filled  with  clay,  as  they  often  are, 
they  perform  another  still  more  import- 
ant office,  by  dividing  a  coal-field  into  a 
number  of  insulated  sbeetn  of  rock,  by 
'dams  impervious  to  water,  and  thus  pre- 
Tenting  its  MCeH  in  quantities  which  would  be  beyond  the  control 
of  the  most  powerful  machinery;  and  this  would  be  the  case  had 
the  beds  of  coal,  and  of  grit  and  shale  interstratified  with  them, 
remained  continuously  united. 

The  displacement  of  the  beds  on  either  side  of  a  fault,  does  not. 
In  general,  amount  to  many  feet;  but  it  is  sometimes  on  so  lugb  % 
scale  as  to  occttaion  inequalities  on  the  nirikce,  which  rank  aa  moan- 
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tains.  The  Penine  chain,  in  the  north  of  England,  is  canied  bj  an 
enormous  fault  running  north  and  south,  which  has  thrown  down 
the  strata  on  its  western  side  more  than  a  thousand  yards.  Surface 
inequalities  like  this,  however,  are  not  always  produced  by  faults, 
for  in  the  Newcastle  and  other  coal-fields,  where  the  amount  of  dis- 
placement is  accurately  ascertained  by  numerous  mining  operations, 
and  frequently  amounts  to  500,  and  even  800  feet,  the  uplifted  por- 
tions {c  c,  fig.  53)  of  strata  which  would  have  formed  steep  escarp- 
ments have  been  removed  by  denudation,  and  planed  down,  as  it 
were,  to  the  general  level  d  d, 

53   f ,  


Faults  are  vertical,  as  in  figs.  51,  52,  or  they  deviate  from 
the  perpendicular,  as  in  fig.  53,  in  which  case  they  are  said  to  have 
an  underlay.  It  is  a  general  rule,  that  the  depressed  strata  are 
found  on  the  side  to  which  the  fault  dips,  as  in  the  case  a,  fig.  53. 
The  opposite  case,  in  which  they  are  elevated  on  the  side  of  the 
underlay,  as  in  i,  is  very  rare. 


CHAPTER  X. 


Unstratified  rocks — granite — syenites-greenstone — Aypersthene  roet^^ 
serpentine  and  diallage  rock — hasaU — porphyry — roleanio 
rocks. — Stratified  rocks — origin  of  their  division  into  primary^ 
transition^  secondary^  and  tertiary. — Primary  or  non-fossilife* 
rous  strata — gneiss — mica  slate—^chlorite  slate — talcose  slate^^ 
hornblende  slate — quartz  rock — argillaceous  schist — crystalline 
limestone  —  geographical  distribution  of  the  primary  strata — 
Wernerian  and  Huttonian  controversy  respecting  their  origin. — 
Fossiliferous  strata — William  Smith — strata  identified  by  their 
organic  remains — groups  of  organic  remains — the  English  order 
of  succession  applicable  to  the  rest  of  Europe. — The  great  divi- 
sions  of  primary^  secondary^  and  tertiary  rocksj  are  found  in  all 
countries  yet  explored. 

UNSTRATIFIED  ROCKS. 

The  unstratified  rocks  are  Granite,  Syenite,  Greenstone,  Hypersthene 
rock,  Diallage  rock.  Serpentine,  Basalt,  Claystone  and  Claystone- 
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porphyry,  Clinkstone  and  Clinkstone-porphyry,  Compact  Felspar 
and  Felspar-porphyry,  Pitchstone  and  Pitchstone-porphyry, — and 
the  volcanic  rocks,  Trachytic,  Basaltic,  and  Graystone  Lavas,  Obsi- 
dian, and  Pumice. 

Granite. 

Granite  is  a  compound  crystalline  rock.  The  minerals  which 
enter  into  its  composition  are  quartz,  felspar,  mica,  and  hornblende, 
united  in  variable  proportions;  but  it  is  not  essential  that  they 
should  all  be  present.  The  rock  usually  denominated  granite  con- 
sists of  quartz,  felspar,  and  mica,  with  occasionally  the  addition  of 
hornblende.  Sometimes  this  mineral  prevails  to  the  exclusion  of  the 
mica,  and  the  granite  passes  into  a  rock  called  syenite.  By  the 
prevalence  of  hornblende  and  felspar,  it  passes,  in  a  similar  manner, 
into  greenstone.  If  mica  and  quartz  predominate,  it  passes  into 
mica  slate,  one  of  the  non-fossiliferous  stratified  rocks.  To  all  these 
compounds  of  two  or  more  of  the  four  minerals  we  have  enumerated, 
many  geologists,  following  the  nomenclature  of  Dr.  M'Culloch,  have 
applied  the  name  of  granite ;  but  it  cannot  be  used  with  propriety 
with  respect  to  such  rocks,  unless  where  they  are  clearly  subordinate 
to  large  masses  of  well-defined  granite,  and  arise  from  accidental 
variations  in  the  proportions  of  the  ingredients,  prevailing  only  over 
very  limited  spaces.  Besides  the  four  minerals  above  enumerated, 
others  occasionally  enter  into  the  composition  of  granite.  These 
are,  chlorite,  talc,  actinolite,  steatite,  and  compact  felspar.  But 
granites  in  which  these  form  integrant  parts  of  the  mixture,  are 
comparatively  rare.  Granite  most  commonly  occurs  in  masses  con- 
tinuous over  a  great  space,  and  having  no  determinate  shape.  These 
are  frequently  traversed  by  joints  and  fissures,  which  sometimes 
divide  the  rock  into  tabular  masses,  having  the  false  appearance  of 
stratification,  sometimes  give  it  a  columnar  structure,  noticed  at 
fig.  41.  The  texture  is,  as  we  have  before  observed,  confusedly 
crystallized,  the  crystals  interfering  with  one  another'^s  forms,  and 
giving  the  rock  a  granular  appearance.  The  magnitude  of  the  parts 
is  various ;  sometimes  each  particular  mineral  exceeds  an  inch  in 
diameter,  in  other  cases  they  are  so  minute  as  scarcely  to  be  visible. 

Graphic  granite^  which  occurs  chiefly  in  veins,  consists  of  quartz 
and  felspar  alone,  crystallized  in  prisms,  the  cross  section  of  which 
gives  rise  to  an  appearance  somewhat  resembling  Hebrew  characters, 
whence  its  name. 

Granite  frequently  assumes  a  porphyritic  texture,  that  is  to  say, 
distinct  crystals  of  felspar  are  imbedded  in  a  granular  base,  of  which 
felspar  confusedly  crystallized  forms  OoO  of  the  ingredients.    Exam- 

M  2 
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fht  ^  porpbTii^c  gruite  from  Ccmwall  are  my  alniadwit  in  tb« 
■UbH  with  which  the  Footpaths  of  the  streets  of  London  are  pared. 

The  colour  of  a  rock  consiating  of  Bereral  minerals  blended  in 
diSerent  proportions,  and  varj-ing  themselves  in  their  colour,  most 
of  courae  bo  rery  variable.  The  mineral  which  generally  predomi* 
nates,  and  determines  the  colour  of  granite,  is  felspar,  which  is  most 
oommonlj  dark  red  or  white;  but  it  occasimally  occnn  of  other 
hnes,  as  ochre-yellow,  pale  and  dark  gray,  and,  rarely,  green. 
Quartz,  the  most  abundant  ingredient  next  to  felspar,  is  usnalljr 
white  or  wateiy,  aometimes  gray,  or  nearly  black,  and  has  a  larg* 
■hare  in  regulating  the  colour  of  the  rock.  An  abundance  of  horn- 
blende, which  is  always  black  or  dark  green,  produces  a  rock  rarying 
from  dark  gray  to  black.  The  same  efl^t  is  produced  by  mica  when 
black;  bnt  as  it  is  also  white  and  brown,  it  occasions  corresponding 
differencM  in  the  colour  of  the  compound.  It  is  almost  oeedleM^ 
therefore,  to  add,  respecting  the  colour  of  granite,  that  it  is  of  variona 
hnes, — red,  white,  black,  and  gray, — the  most  common  being  white 
and  dark  red.  Granite  occurs  as  the  fundamental  rock  on  which  alt 
the  other  known  rocks  rest,  though  it  is  evident  that  the  substancM 
which  aflbrd  the  materials  of  the  trap  and  volcanic  rocks  ejected  to 
the  surface  are  deeply  seated  below  the  granite. 

Omnite  also  occurs  as  beds  of  irregular  shape,  interposed  among 
the  strata  of  gneiss,  and  the  other  older  stratified  rocks.  It  is  like- 
wise mot  with  in  contact  both  with  the  ancient  and  modem  strata 
in  uplifted  masses,  which  appear  to  have  been  consolidated  before 
their  elevation. 

Another  form  in  which  granite  occurs  is  as  veins  ramifying  into 
the  adjacent  rocks,  as  in  fig.  64,  which  represents  the  veins  shooting 
from  the  granite  throng^ 
gneiss,  at  Cape  Wrath,  in 
Scotland ;  and  they  hare 
been  observed  intersec^ng 
mica  schist,  claystone,  and 
limestone,  in  nnmeroos 
other  localities.  Granite 
itself  is  frequently  tra- 
versed by  veins  of  granite 
of  a  dif^rent  colour  and 
mineral  composition;  and 
tlicro  are  instances  near 
Heidelberg  in  which  three 
Rett  of  granite  reins,  of  three  different  ages,  all  ditfering  in  colour, 
grain,  and  peculiarities  of  mineral  composition,  intersect  each  other. 
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Dikes  maj  be  considered  veins  on  a  larger  scale,  the  chief  dififorence 
being  that  dikes  are  of  greater  width,  and  have  their  sides  parallel 
for  greafier  distances ;  whereas  veins  branch  out,  and  thin  away  into 
fine  threads.  Dike  is  the  provincial  name  in  the  north  of  England 
for  a  wall,  and  is  applied  to  large  veins  of  igneons  rocks,  which  tra- 
verse other  rocks,  because,  being  harder  than  the  rest  of  the  mass, 
they  are  less  liable  to  decomposition,  and  project  in  relief,  having  the 
appearance  of  a  wall.  Granite  is  traversed  by  dikes  as  well  as 
veins ;  and  these  have  sometimes  broken  through  the  stratified  rocks 
of  different  ages,  and  have  covered  them  as  irregular  overlying 
masses.  The  most  recent  rock  found  in  Europe  into  which  granite 
has  been  observed  to  intrude,  is  a  rock  of  the  age  of  the  chalk,  in 
the  hill  of  St.  Martin,  near  St.  Paul  de  Fenouillet,  in  the  Pyrenees, 
described  by  M.  Dufr^noy.  Syenite,  a  rock  closely  allied  to  granite, 
has  been  found  overlying  the  chalk  at  Weinbohla,  near  Meissen,  by 
Professor  Weiss,  and  by  Mr.  Griffith,  at  West  Tor,  near  Fair  Head, 
in  the  county  of  Antrim. 

According  to  Mr.  C.  Darwin,  the  granite  of  the  Cordilleras,  in 
South  America,  has  been  in  a  fluid  state  since  the  tertiary  era,  and 
has  altered  and  contorted  strata  of  that  age. 

The  origin  of  granite  was  a  subject  of  much  controversy,  within 
the  last  half  century,  between  the  followers  of  Werner  and  of  Hut« 
ton,  the  former  maintaining  that  it  had  been  deposited  from  a  state 
of  aqueous  solution,  the  latter  that  it  had  crystallized  from  a  state 
of  fusion.  The  igneous  origin  of  granite  is  now  generally  admitted* 
The  following  are  the  proofs  of  this  origin.  It  graduates  in  mineral 
composition  through  syenite  and  greenstone  into  basalt,  and  other 
rocks  of  the  trap  family,  which  are  not  to  be  distinguished  from 
those  rocks  which  we  see  poured  forth  from  modem  volcanos ;  and 
the  efiects  produced  by  granite  and  the  trap  rocks  on  the  sedimentary 
strata  with  which  they  come  in  contact,  are  precisely  the  same  as 
those  produced,  under  similar  circumstances,  by  the  volcanic  rocks. 
Among  others,  they  convert  beds  of  coal  traversed  by  them  into 
coke  and  anthracite ;  and  in  the  same  manner  that  beds  of  lava  are 
traversed  by  dikes  and  veins  of  more  recent  lava,  so  is  granite  tra-* 
versed  by  dikes  and  veins  of  granite  more  recent  than  itself.  Addi-* 
tional  proofs  of  the  igneous  origin  of  some  of  those  trap  rocks  into 
which  granite  passes  by  insensible  gradation,  were  furnished  by  the 
experiments  of  Mr.  Gregory  Watt  and  Sir  James  Hall.  The  former, 
on  fusing  basalt,  found,  that  if  suddenly  cooled,  it  formed  a  vitreous 
mass,  but  if  allowed  to  cool  slowly,  it  returned  to  its  original  stony 
character  and  prismatic  structure.  Sir  James  Hall  produced  arti- 
ficial crystalline  rocks  by  submitting  their  pounded  ingredients  to 
strong  heat  under  pressure. 
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ProFessor  Mitacherlich,  as  we  have  before  observed,  formed  arti- 
ficial crystals  of  au^te,  which  is  closely  allied  to  hornblende,  one  of 
the  constituents  of  granite,  by  the  fusion  of  definite  proportions  of 
the  earths  which  enter  into  its  composition ;  and  though  all  efibrts 
to  produce  artificial  crystals  of  felspar  have  hitherto  failed,  they 
have  been  found  on  the  walls  of  a  furnace  in  which  copper  slate  and 
copper  ore  had  been  smelted. 

SvENrrE. 

This  rock  consists  of  compact  or  crystallized  felspar,  united  with 
hornblende  and  quartz.  The  name  is  derived  from  Syene,  in  Upper 
Egypt,  where  it  abounds.     It  occurs  in  overlying  masses  and  dikes. 

Greenstone. 

The  components  of  greenstone  are  compact  or  crystallized  (some» 
times  vitreous)  felspar,  and  hornblende  or  augite,  the  texture  varying 
from  largely  granular  to  almost  earthy.  When  the  felspar  is  crys- 
tallized, it  is  not  easy  to  distinguish  greenstone  from  syenite.  Most 
writers  make  the  difference  between  these  rocks  to  consist  in  colour, 
^ving  the  name  of  syenite  to  those  compounds  which  are  red,  pale 
white,  and  yellow,  and  that  of  greenstone  to  those  which  are  gray 
or  greenish.  The  two  colours  may  frequently  be  seen  in  the  same 
block  and  even  hand  specimen.  Ingenious  advantage  has  been  taken 
of  this  transition  from  greenstone  to  syenite  in  the  formation  of  a 
colossal  Egyptian  statue  in  the  British  Museum,  the  body  of  whiciv 
is  greenstone,  and  the  head  (part  of  the  same  block)  is  composed  of 
red  felspar,  through  which  crystals  of  hornblende  are  dispersed. 

A  better  distinction  than  that  derived  from  the  colour  of  the 
felspar  appears  to  be  founded  on  the  proportions  of  the  ingredients ; 
those  in  which  the  felspar  prevails  being  classed  as  syenites,  and 
those- in  which  the  hornblende,  or  augite,  predominates,  as  green- 
stones. The  compounds  of  common  felspar  and  augite  are  called 
augitic  greenstones. 

The  augite  rock  of  Dr.  M'CuUoch  consists  of  compact  felspar 
and  augite.  Greenstone  sometimes  contains  cavities  filled  with 
almond-shaped  nodules  of  agate,  calcedony,  or  carbonate  of  lime. 
These  varieties  are  termed  amygdaloid.  Greenstone  occurs  in  dikes^ 
and  in  interposed  and  overlying  masses,  and  has  frequently  a 
columnar  structure. 

Hypersthene  Rock. 

The  felspar  is  compact  or  crystallized,  generally  common,  but 
sometimes  vitreous,  of  a  white  or  red  colour.     It  occurs  sometimes 
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in  dikes,  but  more  commonly  in  uplifted  masses  associated  with 
granite. 

Serpentine  and  Diallaqe  Rock. 

Both  common  and  noble  serpentine  are  considered,  when  pure, 
as  simple  minerals,  and  in  that  state  form  considerable  masses,  but 
they  are  generally  more  or  less  mixed  with  diallage.  Diallage  rock 
consists  of  diallage  and  compact  felspar.  Both  these  rocks  occur 
blended  with  greenstone,  into  which  they  gradually  pass.  The 
varieties  of  serpentine  enumerated  by  Dr.  M'CuUoch,  are— 

1.  Common  Serpentine,  i.  With  an  earthy  and  uniform  frac- 
ture, ii.  With  a  splintering  fracture  passing  into  conchoidal. 
iii.  With  a  splintering  fracture  passing  into  granular.  iv.  With  a 
granular  fracture,  softer,  and  becoming  sectile,  the  potstone  of  some 
mineralogists.  v.  Passing  into  indurated  talc  a  variety  of  talcose 
schist,  the  potstone  of  others. 

2.  Noble  Serpentine,  with  a  foliated  and  splintering  fracture, 
conchoidal  or  splintering  conchoidal.  They  occur  in  dikes  and 
masses,  also  interposed  among  the  primary  strata,  resembling  the 
irregular  beds  of  limestone  occurring  in  similar  situations,  also  in 
overlying  masses.  Instances  are  mentioned  by  Dr.  M^Culloch,  in 
which  dikes  of  greenstone  passing  through  limestone  change  into 
serpentine  when  they  come  in  contact  with  the  limestone. 

Basalt. 

This  is  a  term  which  has  been  applied  in  a  very  vague  manner. 
Any  dark-coloured  rock  having  a  columnar  structure  was  for  a  long 
time  called  basalt;  thus  columnar  claystone,  clinkstone,  compact 
felspar,  and  greenstone,  were  all  confounded  under  this  name,  or  the 
still  more  indefinite  term,  trap.  The  latter  word  is  derived  from 
the  miners  of  Sweden,  in  the  language  of  which  country  trappa 
signifies  a  step  or  stair,  and  was  applied  to  these  rocks  on  account  of 
their  occurrence  in  large  tabular  masses,  rising  one  above  another 
like  a  flight  of  stairs.  The  columnar  structure  has  long  been  aban- 
doned as  a  distinctive  character  of  basalt,  and  the  term  is  now 
limited  to  a  dense  compact  mass  of  hornblende  or  augite,  in  which 
crystals  of  felspar  are  visible,  and  which  contains  titaniferous  iron. 
As  the  felspar  increases  in  quantity,  and  the  hornblende  or  augite 
becomes  coarser  grained,  it  passes  into  greenstone;  those  basalts 
which  are  composed  of  aUgite  and  felspar,  are  sometimes  called 
dolerites. 

^The  aqueous  origin  of  basalt  was  as  fiercely  maintained  by  the 
Wemerians  as  that  of  granite.     It  was  in  fact  the  weakest  point  of 
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their  position ;  for  let  baaalt  be  mdmitted  to  be  ftn  igneous  rook,  and 
it  waa  difficult,  if  not  impossible,  to  ascribe  an  aqueous  origin  to  the 
varieties  of  fjreenstone  and  syenite  through  which  it  passes  by  insen- 
sible gradations  into  granite. 

Basalt  is  now  admitted  to  be  a  pyrogenous  rock  by  all  geologists, 
ir?en  by  those  who,  in  the  early  part  of  their  career,  were  most  deeply- 
imbued  with  the  Wernerian  doctrines.  It  is  scarcely  thirty  j^tn 
since  Dr.  Buckland  and  Mr.  Conybeare  went  to  the  county  of  An- 
trim to  collect  proofs  of  the  aqueous  origin  of  basalt,  and  they  came 
back  proclaiming  it  to  be  an  igneous  rook.  They  saw  the  changes 
produced  by  it  on  the  sedimentary  rocks.  They  saw  ohalk  converted 
at  the  point  of  contact  into  crystalline  limestone,  in  the  same  man- 
ner that  in  the  experiments  of  Sir  James  Hall  powdered  oysteis 


shells  were  converted  into  marble  by  heat  under  pressure;  they  saw 
coal  converted  by  it  into  coke  and  cinders,  and  they  were  conviQCAd. 
gg  The  igneous  origin  of  ba- 

salt was  never  questioned 
by  those  geologists   who 
had  opportunities  of  study- 
ing nature  in    countries 
which  are  the  seats  of  ao- 
f  •■  tive  volcanos.    The  varie- 
U>A  ties  of  lava  termed  angitio 
f  are  not,  in  point  of  faot, 
1^^  to  be  distinguished  from 
'  augitic  basalt. 

Basalt   occurs  both  In 
horizontal  tabular  masses 
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and  in  dikes,  Knd  both  in  dikes  snd  masses  exhibits  the  columnar, 
globular,  veeioalar,  and  amygdaloidal  struetare.  When  basaltio 
colunina  occur  in  tabtdar  masses,  they  are  usually  vertical,  aa  in 
fig.  55.  In  dikes  they  are  smaller,  and  arranged  horizontally,  as  in 
fig.  56,  and  are  generally  termed  prisms.  The  globular  structure  ts 
often  visible  in  the  decomposition  of  basaltio  and  volcanic  rooks,  and 
in  a  solid  rock,  called  the  orbicular  granite  of  Corsica,  in  which  balls 
or  spheroids  are  disseminated  through  the  rock,  and  consist  of  con« 
centric  alternating  layers  of  hornblende  and  compact  felspar. 

From  some  expeTiments  of  Mr.  Gt.  Watt,  it  appears  that  the 
columnar  structure  of  basalt  arises  from  the  pressure  of  numerous 
spheroids  on  each  other  during  the  process  of  cooling.  He  fused 
seven  hundred  vreight  of  fine-grained  amorphous  basalt,  maintaining 
the  fire  for  six  hours,  and  allowing  it  to  cool  so  slowly  that  eight 
days  elapsed  before  it  was  removed  from  the  furnace.  The  mass  was 
then  four  feet  and  a  half  long,  two  feet  and  a  half  wide,  eighteen 
inches  thick  at  one  end,  and  four  at  the  other ;  an  irregularity  of 
form  highly  favourable  to  the  exhibition  of  the  different  kinds  of 
structure  arising  from  different  rates  of  cooling.  Where  the  mass 
was  thin  tt  was  vitreous;  where,  owing  to  the  thickness,  the 
cooling  had  been  more  gradual,  it  was  stony,  and  there  were  parts 
exhibiting  a  transition  from  one  state  to  the  other.  Numerous 
spheroids,  sometimes  two  inches  in  diameter,  had  been  formed, 
radiated  with  distinct  fibres,  and  constituting 
concentric  coats,  where  circumstances  had  fa- 
voured such  an  arrangement.  In  other  parts, 
where  the  temperature  had  been  sufficiently  kept 
up,  the  centres  of  the  spheroids  became  compact 
before  they  attained  the  diameter  of  half  iin  inch. 
When  two  of  these  spheroids  came  in  contact, 
diey  did  not  penetrate  each  other,  but  were  mutually  compressed 
(fig.  57),  and  separated  by  a  well-defined  plane  invested  with  a 
rusty  coating.     Where  several  met  they  formed  prisms. 

Some  basalts  are  vesicular,  and  contain  small  hollows  caused  by 
bubbles  of  gas  or  vapour,  while  the  rock  was  in  a  fused  state.  These 
cavities  have  often  been  filled  by  infiltration  with  nodules  of  car- 
bonate of  lime,  agates,  zeolite,  and  other  minerals.  As  these 
nodules  have,  in  general,  an  elongated  shape,  resembling  an  almond, 
such  basalts  have  received  the  name  of  amygdaloidal.  Basalt  pos- 
sesses this  vesicular  and  amygdaloidal  structure,  as  well  as  the 
columnar,  in  common  with  lava.  When,  as  is  frequently  the  case, 
several  alternations  are  observed  in  the  same  tabular  mass  of  basalt, 
these  appearances  would  seem  to  indicate  that  it  was  not  produced 
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by  one,  but  by  several  ejections  of  fused  matter,  which  assamed 
different  characters,  acoordiug  to  the  different  circumstances  under 
which  they  burst  forth.    Basaltic  rocks  are  of  very  general  distri- 
bution, being  found  in  the  neighbourhood  of  most  active  or  extinct 
volcanos,  as  well  as  in  situations  where  it  would  appear  that  there 
had  been  no  volcanic  cone  or  crater,  but  that  the  melted  matter  had 
forced  its  way  through  fissures  beneath  the  bed  of  the  ocean,  and 
had  thus  flowed  over  other  rocks.    The  largest  known  area  occupied 
by  basalt,  is  in  the  Deccan,  as  described  by  Colonel  Sykes,  where  it 
covers  many  thousand  square  miles  of  surface.     The  chief  British 
localities  for  basalt,  are  the  north  of  Ireland,  where  it  occupies  a 
large  portion  of  the  county  of  Antrim ;  in  Scotland,  near  Edinburgh, 
and  in  some  of  the  Hebrides ;  in  England,  near  Teesdale,  in  York- 
shire, in  the  counties  of  Northumberland  and  Durham,  and  in  the 
Clee  Hills  in  Shropshire.     The  great  Cleveland  dike,  which  ranges 
through  parts  of  the  counties  of  York  and  Durham,  may  be  traced 
for  nearly  seventy  miles.     The  finest  instances  of  the  colunmar 
structure  in  basalt,  occur  in  FingaFs  Cave,  in  Staffa,  one  of  the 
Hebrides,  and  at  the  Giant'^s  Causeway,  and  at  Fair  Head,  in  the 
county  of  Antrim. 

POHPUYRY. 

The  name  is  derived  from  a  Greek  word,  signifying  purple, — ^the 
porphyry  used  by  the  ancients  for  ornamental  purposes  being  of  that 
colour.  The  term  is  now  applied  to  any  rock  having  a  compact 
base,  in  which  distinct  crystals  are  imbedded.  The  base  is  generally 
compact  felspar,  or  its  allied  rocks,  clinkstone  and  claystone.  The 
imbedded  crystals  are  either  quartz  or  felspar,  most  commonly  tho 
latter,  and  these  felspathic  crystals  are  sometimes  common,  some- 
times vitreous  felspar.  Porphyry  has  become  so  vague  a  term,  as 
to  convey  no  idea  of  the  composition  of  a  rock  to  which  it  is  applied, 
unless  associated  with  the  name  of  the  base.  Thus  we  have  clay- 
stone  porphyry,  clinkstone  porphyry,  felspar  porphyry,  and  pitch- 
stone  porphyry.  Each  of  these  bases  occur  under  various  modifi- 
cations of  colour ;  and  the  diversity  of  aspects  thereby  occasioned, 
is  still  further  increased  by  the  various  colours  of  the  imbedded 
crystals,  their  different  sizes  and  modes  of  aggregation,  among  which 
the  crossing  of  the  crystals  is  the  most  worthy  of  notice.  These 
porphyries  pass  into  simple  rocks,  by  the  gradual  diminution  of  the 
number  of  their  imbedded  crystals ;  and  since  both  the  simple  and 
compound  rocks  are  frequently  found  in  the  same  mass,  hand  speci- 
mens do  not  always  represent  the  nature  of  the  rock.  The  bases  of 
these  varieties  of  porphyry  have  been  described  under  the  simple 
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minerals  bearing  the  name  of  claystone,  compact  felspar,  and  clink- 
stone, in  the  last  chapter. 

Felspar  porphyry  is  by  far  the  most  common ;  it  occurs  both  in 
overlying  and  interposed  masses,  sometimes  having  a  columnar 
structure,  and  also  in  dikes  traversing  the  strata.  The  British 
localities  are  North  Wales,  Glencoe,  Ben  Nevis,  Ben  Cruachan,  and 
other  parts  of  the  Highlands  of  Scotland,  the  Island  of  Arran,  Cum- 
berland, Cornwall,  and  various  parts  of  Ireland. 

Pitchstone  is  a  glassy  felspathic  rock  having  a  great  resemblance 
to  pitch ;  it  occurs  in  interposed  beds  and  dikes  traversing  granite, 
secondary  sandstone,  and  traps.  It  has  sometimes  a  prismatic 
structure,  sometimes  occurs  in  curved  lamellar  concretions.  Its 
structure  is  frequently  porphyritic.  The  imbedded  crystals  are 
sometimes  rounded,  and  converted  into  a  gray  or  white  enamel*  on 
the  exterior,  the  smaller  crystals  being  replaced  by  spheroidal  grains, 
consisting  entirely  of  the  same  enamel.  This  variety  passes  into 
pearlstone.  Pitchstone  likewise  graduates  into  calcedony  and  chert, 
and  into  obsidian,  a  decided  volcanic  product.  Dr.  M'CuUoch  has 
observed  a  transition  from  basalt  into  pitchstone,  on  the  outside  of 
dikes  of  basalt,  and  also  when  they  ramify  into  slender  threads ;  and 
similar  transitions  from  lava  to  pitchstone  in  the  walls  of  dikes  of 
lava  on  Somma,  have  been  noticed  by  M.  Necker  and  Mr.  Lyell; 
a  circumstance  which  is  easily  accounted  for,  from  the  more  rapid 
cooling  which  would  take  place  in  such  situations,  than  in  the 
interior  of  the  mass,  and  which  the  experiment  of  Mr.  Watt,  before 
alluded  to,  showed  to  be  favourable  to  the  production  of  the  vitreous 
state.  The  British  localities  for  pitchstone,  are  the  Isle  of  Arran, 
and  the  Scuir  of  Egg. 

Volcanic  Rocks. 

We  have  already,  under  the  head  of  basalt,  alluded  to  the  prin- 
cipal difference  between  the  trap  rocks  and  the  products  of  active 
volcanos,  as  consisting  in  a  greater  degree  of  compactness  in  the 
traps,  and  in  the  prevalence  of  augite  instead  of  hornblende  in  the 
lavas.  The  variety  of  simple  minerals  contained  in  lavas  is  very 
great.  The  vicinity  of  Vesuvius  alone  has  furnished  upwards  of  a 
hundred ;  two  only,  however,  are  in  general  present  in  sufficient 
abundance  to  be  deemed  constituents  of  the  rock, — felspar  and 
augite.  Hence  the  usual  division  of  lavas  into  trachytic  and  augitic 
or  basaltic.  Trachyte  is  composed  chiefly  of  glassy  felspar,  with 
crystals  of  the  same  mineral.  The  name  is  derived  from  its  peculiar 
rough  feel  (rpaxvsi).  Quartz  and  mica,  so  common  in  the  older 
igneous  rocks,  are  comparatively  rare  in  lava.  Mr.  Scrope  has 
added  a  third  division,  to  which,  from  its  colour,  he  has  given  the 
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name  of  pajntone^  intermediate  in  character  between  the  traehytiQ 
and  augitic  lavas;  but  volcanic  products  are  of  aaeh  a  eompoand 
nature,  that  it  is  extremely  difficult  to  assign  them  names.  The 
following  is  Mr.  Scrope's  arrangement : — 

Trachytic  Lavas. 

Hiffijjle  Trachf/te.  Compact  felspar,  with  crystals  of  vitreous 
f«rU|/a*', 

Compound  Trachyte^  with  mica,  hornblende,  or  augite,  and  grains 
iJl  titanir<;rou«  iron. 

(jiuiirtzi/nrouB  Traehyte^  with  crystals  of  quartz. 

HiUr.eoiJM  Trachyte,  When  siliceous  earth  appears  to  enter 
lar^fdy  into  itm  conipoMitiou. 

Gkaystonb  Lavas. 

dummon  Hray$tone,     Felspar,  augite,  hornblende,  and  iron. 
l^furilh  (irayntouf,     Leucite  supplies  the  place  of  felspar. 
MtUUlifi  (hunjitou*',     Mclilito  replaces  the  felspar. 

AcGiTir,  oii  Basaltic  Lavas. 

Cutnmon  Buialt.     (Join|)osed  of  felspar,  augite,  and  iron. 
Ltueitic  Ba»aU,     Loucito  rojilacos  the  felspar. 
Olieine  Basalt.     Olivine  replaces  the  feUpar. 
Ilaiiyine  Basalt,     Ilai'iyine  replaces  the  felspar. 
Ferruginous  Basalt,     Iron  is  the  ])rcdominant  ingredient. 
Auyitio  Basalt,     Tlio  rock  almost  wholly  composed  of  augite. 

Many  subaerial  volcanos  have  ejected  trachyte  and  basaltic  lava, 
but  most  of  the  basaltic  rocks  have  been  formed  under  the  pressure 
of  the  Bca,  or  of  other  strata,  and  have  been  subsequently  elevated  to 
the  surface.  This  is  the  reason  of  their  being  more  compact  than 
subaerial  lavas. 

The  following  may  also  be  mentioned  as  volcanic  products: — 
Obsidian,  a  vitreous  lava,  being  the  result,  no  doubt,  of  rapid  cooling, 
having  a  black  colour  in  mass,  but  translucent  in  thin  fragments. 

In  defending  the  aqueous  origin  of  the  nnstratified  rocks,  the 
Werncrians  were  driven  to  deny,  that  this  rock  had  ever  been  in  « 
state  of  fusion ;  which  was  as  rational  as  it  would  have  been  to  have 
contended  that  bottle-glass  had  been  formed  as  a  chemical  deposit 
from  a  state  of  aqueous  solution. 

Pumice  is  a  light  spongy  lava,  of  a  white  colour,  produced,  most 
probably,  by  the  access  of  gases  or  steam,  to  lava,  in  a  state  of  fusion. 
It  may  be  considered  as  the  froth  of  lava.  Transitions  are  observable 
in  the  same  mass,  from  obsidian  into  pumice. 

Volcanos  also  eject  from  their  craters,  besides  currents  of  lava, 
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TMt  qaantitiei  of  dnst^  aahes,  and  stones,  which  beinjo;  blown  verti- 
cally into  the  air  by  the  explosive  force  of  gases  and  vapours,  and 
falling  round  the  sides  of  the  vent,  produce  conical  hills  of  a  loose 
material.  Similar  materials,  swept  down  by  the  tori*ents  caused  by 
heavy  rains,  and  the  melting  of  the  snows,  which  frequently  accom- 
pany these  eruptions,  give  rise  to  streams  of  volcanic  mud,  or,  as 
they  are  called,  aqueous  lavas,  which,  as  they  consolidate,  form  rocks 
of  an  earthy  appearance,  known  by  the  name  of  volcanic  tuff  or 
tufa.  Similar  tuffs  are  produced  when  these  light  ashes  and  scoriae 
fall  into  lakes  and  hollows.  Volcanic  ffrits^  or  sandstones,  are  dis- 
tinguished by  the  angularity  of  the  particles  from  sandstones  com- 
posed of  abraded  materials.  When  the  fragments  are  coarse,  they 
are  called  breccias;  when  the  fragments  have  been  rounded  by  watery 
agitation,  they  are  tnfaceom  conglomerates.  These  tufaceous  rocks 
often  inclose  shells,  and  are  sufficiently  consolidated  to  receive 
a  fine  polish.  The  term  peperino  is  restricted  by  the  Italians  to 
basaltic  tuffs.  The  same  kind  of  ejections  of  fragmentary  matter 
must  take  place  from  the  craters  of  submarine  volcanos,  though  the 
conditions  under  which  they  occur,  do  not  permit  us  to  observe  them. 
The  Island  of  Sciacca,  or  Graham'^s  Island,  which  recently  arose, 
and  disappeared  in  the  Mediterranean,  consisted  principally  of  loose 
scorise,  which  being  dispersed  by  the  waves,  and  agitated  in  the  sea^ 
would  be  spread  over  its  bed,  and  form  volcanic  tuff,  or  sandstone, 
containing,  most  probably,  organic  remains. 

In  taking  a  general  review  of  the  unstratified  rocks,  we  cannot 
fail  to  remark  such  a  striking  similarity  among  them,  in  composition, 
structure,  and  mode  of  association  with  other  rocks,  as  to  induce  us 
to  regard  them  as  members  of  one  family;  as  parts  of  a  great  mas? 
of  melted  matter  poured  out,  at  different  times,  from  the  interior  of 
the  earth,  and  differently  modified,  according  to  the  circumstances 
under  which  the  ejections  took  place.  Hornblende,  or  augite,  and 
felspar,  either  compact,  crystallized,  common,  or  vitreous,  enter  into 
the  composition  of  them  all.  They  possess  a  crystalline  texture, 
and  affect,  for  the  most  part,  a  columnar  structure.  They  all  occur 
as  intrusive  beds,  veins,  or  dikes,  or  as  overlying  masses,  the  con- 
nexion of  which  with  a  dike  may  often  be  clearly  traced.  We  know 
that  the  different  members  of  the  group  pass  into  each  other,  by 
insensible  gradations;  so  that  two  or  more  of  them  may  be  found 
in  the  same  dike,  or  mass,  and  that  they  graduate,  in  like  manner, 
into  undoubted  volcanic  products.  We  also  know,  by  experiment, 
that  when  melted,  the  resumption  of  the  stony  character  takes 
place,  under  circumstanoes  fiivoarable  to  gradual  refrigeration,  and 


174  UNSTRATIFIBD   ROCRS. 

that  some  of  their  constituent  minerals  hare  been  formed  artificially, 
in  the  crucible  of  the  chemist. 

If  we  examine  the  difference  between  the  various  members  of 
the  group,  it  becomes  apparent  that,  taking  the  granitic  rocks  as  a 
whole,  they  are  distinguished  by  the  prevalence  of  quartz,  in  crystals 
or  concretions,  and  by  the  abundance  of  mica;  and  that  in  the 
trappean  or  basaltic  rocks,  mica  diminishes  in  quantity,  while  horn- 
blende considerably  increases,  and  augite  and  vitreous  felspar  prevail 
in  the  modern  lavas.  The  greater  prevalence  of  the  basaltic  rocks 
over  the  granitic,  among  the  more  modern  formations,  is  also  to  be 
noticed.  The  difference  between  lava  and  basalt  is  such  as  might 
be  expected  between  subaerial  and  submarine  ejectments.  Whal 
the  peculiar  modifying  circumstances  were  which  caused  the  forma- 
tion of  the  granitic  rocks  so  extensively  during  the  earlier  epochs 
of  the  world,  we  know  not;  extreme  slowness  of  cooling,  and  very 
great  pressure,  not  only  from  a  deep  ocean,  but  from  superincum- 
bent strata,  may  have  been  among  these  causes ;  but,  whatever  they 
were,  it  would  seem,  from  the  rocks  of  different  ages  which  have 
been  penetrated  by  the  granite,  that  those  circumstances  have 
recurred  at  intervals,  though  far  more  rarely,  during  the  more 
modern  epochs,  when  those  conditions  prevailed  which  were  favour- 
able to  the  production  of  the  basaltic  rocks. 

In  the  Wernorian  system,  granite  and  the  other  unstratified 
rocks  w^ere  treated  as  aqueous  productions ;  volcanos,  which  in 
modern  times  add  so  largely  to  the  rocky  mass  of  the  earth^s 
surface,  were  considered  phenomena  of  recent  date,  quite  unknown 
in  the  primoeval  ages  of  the  world.  The  reason  of  this  was,  that 
Werner,  who,  in  1775,  was  appointed  Professor  of  Mineralogy,  in 
the  Mining  School  of  Freyberg,  in  Saxony,  had  studied  geology,  or, 
as  he  called  it,  geognosy,  in  a  country  far  removed  from  any  active 
volcano,  and  he  had  not  extended  his  observations  beyond  his  own 
immediate  neighbourhood.  Ho  had  great  merit  in  directing  the 
attention  of  his  pupils  to  the  natural  position  of  minerals  in  certain 
rocks,  and  to  the  constant  relations  of  superposition  that  prevail 
among  them;  and  a  great  impetus  was  given  to  the  study  of 
geology  by  the  charms  of  his  eloquence  and  his  manners,  and  the 
enthusiasm  which  they  excited  in  his  hearers ;  but  his  system  con- 
tained this  radical  defect,  that  his  generalizations  were  founded  on 
too  limited  an  induction. 

Urbem  quam  dicant  Romam  Melibcee  putavi 
Stiiltus  ego  huic  nostrse  similem, 

is  a  confession  which  n.i^ht  often  be  made  by  philosophers  as  well 
as  peasants,  if  they  had  equal  shrewdness  with  Tityrus  in  discerning 
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their  errors,  and  equal  candour  in  acknowledging  them;  and  by 
none  could  it  have  been  uttered  with  more  propriety  than  by 
Werner.  He  had  framed  a  theory  of  the  earth,  which  was  made  to 
accommodate  itself,  in  its  minutest  details,  to  the  phenomena  observ- 
able in  his  own  valley,  and  to  no  others ;  and  such  was  the  vene- 
ration in  which  he  was  held  by  his  followers,  that  to  doubt  of  the 
existence  of  one  of  his  universal  formations,  even  the  most  problem- 
atical, was  looked  upon  as  a  pestilent  philosophical  heresy ;  and 
there  were  many  of  his  disciples  who  spent  their  lives  in  interrogat- 
ing nature  only  to  misinterpret  her  language,  and  to  torture  it  into 
accordance  with  the  dogmas  of  their  oracle,  and  with  the  nomen- 
clature and  classification  of  his  ^^  geognosy.*^ 

STRATIFIED  ROCKS. 

Origin  o/the  divisions  Primaryy  Transition^  Secondary^  and  Tertiary, 

We  proceed  now  to  the  consideration  of  the  stratified  rocks. 
These  form  a  series,  the  total  depth  of  which  has  been  estimated  at 
nine  miles.  About  one-fourth  of  this  may  be  assigned  to  the  lower 
part  of  it,  which  is  destitute  of  organic  remains;  some  of  its  mem- 
bers, which,  taken  as  a  mass,  are  the  lowest,  being  intimately  con- 
nected in  composition  with  some  of  the  unstratified  rocks  to  which, 
on  the  evidence  already  adduced,  an  igneous  origin  has  been  attri- 
buted. To  the  non-fossiliferous  strata,  no  classification  can  be 
applied  that  is  not  based  on  their  mineral  characters.  The  remainder 
of  the  stratified  scries  can  only  be  regarded  mineralogically  as  a 
succession  of  clays,  sandstones,  and  limestones,  alternating  in  no 
fixed  order,  as  far  as  regards  their  mineral  composition,  and  chang- 
ing that  composition  in  the  same  horizontal  plane,  but  capable  of 
being  divided  into  groups,  characterized  over  very  extensive  areas 
by  peculiar  assemblages  of  organic  remains.  The  classification  of 
them  must,  therefore,  be  founded  on  their  zoological  characters. 

The  first  attempt  at  a  methodical  arraugement  of  rocks  was 
made  by  Lehman,  in  1759,  who  divided  them  into  primitive  and 
second<iry.  The  primitive  were  those  which  contained  no  organic 
remains,  or  fragments  of  other  rocks,  and  which  he  supposed  were 
formed  with  the  world,  and  before  the  creation  of  animals.  The 
secondary  were  the  fossiliferous  strata,  which  he  supposed  to  have 
resulted  from  the  partial  destruction  of  the  primitive  rocks  by  a 
general  revolution.  Out  of  these,  Werner  formed  a  third  class, 
which  he  named  transition^  from  having  observed  that  between  the 
primary  rocks  and  those  in  which  the  characters  of  the  secondary 
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class  were  most  ^nkingly  developed)  there  existed  an  intermediate 
group,  containing  few  organic  remains,  and  approaching  the  crystal- 
line character  of  the  primary  rather  than  the  fragmentary  character 
of  the  secondary  rocks. 

To  the  remainder  of  the  secondary  strata,  out  of  which  this  claaa 
was  taken,  he  gave  the  name  of  Floetz^  or  horizontal,  from  an 
erroneous  belief,  founded  on  the  observation  of  a  limited  district, 
that  rocks  of  this  class  were  stratified  only  in  horizontal  planes, 
which  is  true  only  of  low-lying  regions;  for  on  the  flanks  of  the 
Alps  and  the  Pyrenees  the  horizontal  rocks  of  Werner  are  found 
as  hicrlily  inclined  as  any  of  the  primitive.  His  floetz  rocks  termi* 
nated  in  the  ascending  order  with  the  chalk,  and  as  the  investigations 
of  Cuvier  and  Brongniart  brought  to  light  some  strata  above  the 
chalk,  important  on  account  of  their  zoological  relations,  which 
were  so  different  from  those  of  the  secondary  class,  the  followers  of 
Werner  were  compelled  to  subdivide  their  floetz  rocks  into  older 
and  newer  floetz,  comprising  under  the  latter  name  those  formations 
which,  by  other  writers,  were  called  Tertiary. 

Mr.  Conybeare  proposed,  in  the  year  1822,  an  entirely  new 
nomenclature  for  these  general  divisions,  without  reference  to  hypo* 
thesis,  and  founded  entirely  on  their  undoubted  relative  position. 
Taking  the  carboniferous  series, — a  group  well  defined  by  mineral 
characters,  all  over  Europe  at  least, — as  his  point  of  departure,  and 
including  in  it  the  mountain  limestone,  to  which  he  gave  the  name 
of  the  carboniferous,  he  called  this  group  the  medial  order,  from  its 
position  near  the  middle  of  the  series.  The  transition  and  primitive 
rocks  of  Werner  he  called  the  inferior  order.  The  snpei'medial 
order  extended  from  the  coal  measures  to  the  chalk,  which  it 
included ;  and  under  the  name  of  the  sitperior  oi'devy  he  classed  all 
the  regular  tertiary  strata  then  known. 

There,  is,  however,  so  much  inconvenience  in  changing  esta- 
blished scientific  names,  and  the  disadvantages  so  nearly  counter- 
balance the  advantages,  unless  the  change  be  made  with  the  con- 
currence of  the  cultivators  of  science  in  all  countries,  that  there  is 
always  a  repugnance  to  innovation  in  matters  of  this  kind;  and  in 
other  sciences,  besides  geology,  objectionable  names  are  retained  in 
current  use  in  preference  to  others  that  would  be  more  appropriate. 
The  system  of  Mr.  Conybeare,  therefore,  never  established  itself  as 
a  part  of  geological  nomenclature.  The  only  change  he  succeeded 
in  introducing  was  the  substitution  of  the  name  of  carboniferons 
limestone  for  that  of  mountain^  or  transition^  or  enerinitic  limestone 
which  it  had  previously  borne. 

No  better  success  attended  an  attempt  made  abont  the  year 
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1830  by  Mr.  De  la  Beclie,  to  abolish  the  terms  Primary,  Transition, 
Secondary,  and  Tertiarj',  and  to  divide  the  rocks  constituting  the 
earth^s  crust  into  the  two  natural  sections  of  Stiiatipied  and  Unstra- 
TiFiED,  subdividing  the  fossiliferous  series  into  the  nine  following 
groups,  in  the  descending  order:  1  The  Modern  or  Formations 
now  in  Progress.  2  The  Erratic  Block  Group^  a  provisional  group, 
containing  transported  boulders  and  blocks,  and  gravels  on  hills  and 
plains,  apparently  produced  by  greater  forces  than  those  now  in 
action.  3  The  Supracretaceoiis  Group^  the  tertiary  strata  of  other 
authors.  4  The  Cretaceous  Group.  5  The  Oolitic  Group.  6  The 
New  Bed  Sandstone  Group.  7  The  Carboniferous  Group.  8  The 
Grauwacke  Group,  or  upper  part  of  the  transition  class  of  Werner, 
since  named  by  Mr.  Murchison  the  Silurian  System.  9  The 
Lowest  Fossiliferous  Group,  answering  to  the  lower  part  of  the 
transition  class,  since  named  by  Professor  Sedgwick  the  Cambrian 
System. 

The  classification  and  nomenclature  of  Werner,  however,  with 
some  modifications,  continued  in  use,  partly  on  account  of  their  conve- 
nience, and  from  that  repugnance  to  change  to  which  we  have  before 
alluded ;  and  partly  from  a  feeling  that  we  were  not  yet  in  posses- 
sion of  sufficient  data  to  be  able  to  frame  a  systematic  nomenclature 
of  the  stratified  rocks.  Since,  then,  any  new  classification  could  be 
considered  only  as  provisional,  it  seemed  a  matter  of  comparative 
indifference  which  of  two  imperfect  systems  was  adopted.  Geolo- 
gists, therefore,  continued  to  speak  of  primary,  transition,  and 
secondary  rocks,  merely  as  a  convenient  mode  of  designating  certain 
groups  of  strata,  without  supposing  that  these  divisions  had  any 
foundation  in  nature,  and  without  reference  to  the  sense  in  which 
those  names  were  originally  imposed. 

It  had,  however,  long  been  evident  that  the  name  of  Transition 
must  be  abandoned,  on  account  of  the  indefinite  manner  in  which  it 
had  been  applied,  some  geologists  limiting  it  to  those  older  rocks 
which  were  supposed  to  contain  the  earliest  traces  of  organic 
remains,  others  including  in  it  the  whole  of  the  carboniferous  series. 
The  term  Fossiliferous  grauwacke,  which  it  was  proposed  to  substi- 
tute for  it,  was  deemed  by  some  geologists,  liable  to  equal  objections, 
because,-  having  been  originally  applied  to  a  rock  of  a  certain  mineral 
character,  it  must,  if  used  in  the  proposed  new  sense,  have  compre- 
hended a  variety  of  rocks  of  very  different  composition,  an  ambiguity 
of  expression  which  they  considered  likely  to  lead  to  much  confusion. 

The  researches  of  Mr.  Murchison  among  the  rocks  of  the  Welsh 
border,  and  of  Professor  Sedgwick  among  the  slate  rocks  of  Wales 
and  Cumberland,  not  only  placed  in  a  still  stronger  light  the  neces- 

N 


178  8TBATIF1ED   ROCU. 

aity  of  tome  n^w  and  precise  mode  of  desi^atin^  the  loeka  below 
the  old  red  Bandstone,  but  furnished  us  with  the  means  of  dividiny 
them  into  several  important  pt)up8,  and  thus  reducing  into  some* 
tiling  like  order,  a  great  assemhla^se  of  beds,  which,  oocnrring  abanr 
dantly  in  England,  Scotland,  Ireland,  Germany,  Prussia,  Sweden, 
and  North  America,  were,  till  reoently,  involved  in  the  greatest 
obscurity  and  confusion. 

Fmni  the  upper  part  of  the  series,  below  the  old  red  sandstone, 
Mr.  Murchison  has  separated  a  system  of  rocks,  which,  in  the  conn- 
ties  bordering  on  Wales,  is  so  largely  developed  as  to  compriae 
a  total  thickness  of  7500  feet,  divisible  into  formations  by  separate 
and  |)eculiar  groups  of  organic  remains.  To  this  system  he  gave  the 
immo  of  the  Silurian,  from  the  Silures,  one  of  the  principal  tribes  of 
tlie  ancient  Rritons,  who  inhabited  the  district  in  which  this  system  of 
rocks  was  first  observed  and  is  most  extensively  developed.  These 
rocks  he  has  further  subilivided  into  the  upper  and  lower  Silurian, 
enrh  subdivision  comprehending  two  formations.  These  rest,  -in 
some  cases  conformably,  in  others  unconformably,  on  another  great 
system,  in  which  traces  of  organic  remains  occur,  and  which  are  die- 
tinguished  in  Wales  and  Cumberland  by  a  sub-crystalline  and  con- 
cretionary structure,  and  by  having  a  slaty  cleavage,  that  is,  being 
capable  of  indefinite  subdivision  in  planes  transverse  to  those  of  the 
stratification.  This  svstem.  Professor  Sedi;wick,  whose  researches 
are  as  yet  only  partially  published,  has  nameil  the  Cambrian^  from 
the  country  in  which  it  occurs  extensively  developed,  in  juxta-posi* 
tion  and  conterminous  with  the  Silurian,  which  it  succeeds  in  the 
descending  order ;  and  he  has  subdivided  it  into  the  upper  and  lower 
Cambrian. 

Abandoning,  then,  the  terms  Transition  and  Grauwacke  series, 
we  shall  divide  the  stratified  rocks  into  primary,  lower  secondary, 
upper  secondary,  tertiary,  and  modern.  The  primary  will  be  limited 
to  the  non-fossiliferous  strata.  The  lower  secondary  will  commence 
with  the  oldest  formation  in  which  organic  remains  are  found,  that 
is,  at  present,  the  lower  Cambrian  of  Professor  Sedgwick,  and  will 
include,  in  the  ascending  order,  the  carboniferous  system.  The 
upper  secondary  will  commence  with  the  new  red  sandstone,  salife- 
rous,  or  poikilitic  system,  and  will  terminate  with  the  chalk.  The 
tertiary  will  comprise  all  those  regular  deposits  above  the  chalk  in 
which  existing  species  begin  to  aj)p€ar,  mixed  with  others  that  are 
extinct,  and  which  Mr.  Lyell  has  divided,  according  to  the  propor- 
tion of  shells  of  existing  species  contained  in  them,  into  the  eocene, 
miocene,  and  older  and  newer  pliocene  strata.  The  term  Modem 
will  be  confined  to  those  formations  which  contain  hunum  remaiii% 
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or  those  of  existing  speoien  of  animals  unmixed  with  others  thi^t  arq 
extinet. 

With  respect  to  that  portion  of  the  loose  covering  of  the  earth, 
to  which  we  have  before  alluded,  and  which  Mr.  De  la  Beche  refers 
to  an  erratic  block  period,  the  marine  remains  found  in  it,  within 
the  British  Islands  at  various  heights,  and  in  numerous  localitieS| 
have  hitherto  all  been  of  existing  species,  and  on  that  evidence  it 
should  be  classed  with  the  modern  formations.  Most  of  the  remainii 
of  mammalia  contained  in  it  belong  to  extinct  species,  or  to  specieii 
no  longer  inhabiting  Europe.  But  while  we  believe  in  the  existence 
of  a  period  intermediate  between  the  close  of  the  tertiary  era  and  the 
commencement  of  the  present  order  of  things,  characterized  by  the 
pas^rage  of  a  large  body  or  bodies  of  water  from  north  to  south  over  a 
great  part  of  the  northern  hemisphere,  there  are  others  who  consider 
these  phenomena  as  the  effects  of  causes  now  in  action,  and  acting 
with  the  same  intensity  as  at  present.  According  to  them,  this 
transport  took  place  before  a  large  portion  of  England  had  emerged 
from  the  sea,  and  the  blocks  were  floated  upon  ice.  Our  reason^ 
for  dissenting  from  this  hypothesis  will  be  stated  in  i^  subsequent 
chapter. 

PRIMARY,  OR  NON'FOSSILIFEBOUS  STRATIFIED  ROCKS. 

The  primary  strata  are  gneiss,  mica  schist,  hornblende  schist, 
chlorite  schist,  talcose  schist,  quartz  rock,  primary  limestone,  and 
argillaceous  schist. 

Gneiss. 

Gneiss  may  be  called  slaty  granite.  It  is  composed  of  the  same 
ingredients  as  that  rock,  viz.,  quartz,  felspar,  mica,  and  hornblende, 
united  in  various  proportions,  with  the  occasional  absence  of  one  or 
other  of  them,  and  the  presence  of  a  few  other  minerals.  The  di9- 
tinctive  character  of  gneiss  consists  in  some  of  its  component  mine- 
rals, generally  the  mica  and  hornblende,  being  arranged  in  layers 
parallel  to  the  stratification,  so  as  to  impart  to  the  rock  a  foliated 
or  laminated  appearance,  or  to  give  it  a  schistose  character,  some- 
times so  perfect  as  to  admit  of  its  being  cleaved  for  economical  pur- 
poses. This  character  becomes  less  perfect  when  the  gneiss  is  in 
contact  with  granite,  or  traversed  by  veins  of  it,  and,  at  the  point  of 
contact,  disappears  entirely,  so  that  the  two  rocks  cannot,  at  their 
junction,  be  distinguished  from  one  another.  Fine-grained  gneiss 
passes  by  the  disappearance  of  felspar  into  mica  schist ;  by  the  pre- 
valence of  quartz  into  quartz  rock,  and  of  hornblende  into  horn- 
blende nchiBt.    The  stratification  of  gneiss  is  irregular  and  contorted, 
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the  dimensions  of  the  strata  variable.  Where  the  rock  occurs  in 
large  masses,  they  are  thick ;  when  they  alternate  frequently  with 
others,  they  are  thin.  When  they  are  not  separated  by  such  alter- 
nations, the  distinction  between  the  several  beds  is  marked  by  a 
change  in  the  proportions  of  the  ingredients.  Gneiss  is,  in  many 
countries,  the  most  abundant  of  the  primary  strata,  occurring  in 
large  masses,  which  occupy  extensive  districts,  and  form  lofty  moan- 
tains,  without  any  other  alternating  rock.  In  such  cases  it  reposes 
upon  granite,  and  is  succeeded  by  the  other  primary  strata,  but  in 
some  instances  succeeds  one  or  other  of  these,  the  series  alternating 
in  large  masses. 

There  are  other  instances  in  which  a  large  series  of  strata,  con- 
sisting principally  of  gneiss,  contain  alternating  strata  of  other  rocks 
in  inferior  proportions.  The  most  common  of  these  is  hornblende 
schist ;  mica  schist  and  quartz  rock  are  next  in  abundance ;  argilla- 
ceous schist  is  more  rare.  Strata  of  gneiss  are  often  invaded  by 
veins  of  granite,  which  are  not  always  transverse  to  the  stratifi- 
cation, but  sometimes  run  parallel  with  it,  assuming  for  short 
spaces  the  stratified  appearance  of  gneiss,  and  when  of  large  dimen- 
sions, are  liable,  without  very  careful  observation,  to  be  mistaken  for 
stratified  granite. 

The  British  localities  for  this  rock  are  the  Western  Isles  and 
north-west  Highlands  of  Scotland. 

Mica  Schist. 

Mica  Schist  is  a  confusedly  crystalline  compound  of  quartz  and 
mica,  united  in  different  proportions.  It  has  a  foliated  or  laminar 
texture,  and  is  more  or  less  fissile  according  to  the  proportion  and 
mode  of  disposition  in  which  the  mica  enters  into  its  composition. 
It  is  sometimes  capable  of  being  separated  into  coarse  slates ;  some- 
times the  lamellar  fracture  is  very  irregular  and  imperfect.  There 
are  cases  in  which  it  approaches  a  granular  texture ;  but  when  the 
quartz  wears  the  most  granular  appearance,  it  is  always  united  by  a 
cr}^8talline  cement  of  that  mineral. 

Beds  of  mica  schist  are  sometimes  affected  by  large  contortions, 
but  there  are  many  cases  in  which,  when  the  contortions  are  minute 
and  intricate,  they  seem  only  to  involve  the  laminse  without 
extending  to  the  bed  itself.  This  contorted  lamination,  so  common 
in  the  rocks  of  this  age,  is  a  peculiarity  of  structure  which  seldom 
occurs  in  more  recent  strata,  and  is,  by  some  geologists,  supposed  to 
have  resulted  from  agitation  of  the  waters  of  the  ocean  in  which 
they  were  deposited,  or  of  the  soft  sedimentary  matter  by  heat ;  and 
they  compare  it  to  somewhat  similar  appearances  in  the  sediment  of 
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steam  boilers ;  others  attribute  it  to  lateral  pressure  on  soft  lamina) 
originally  horizontal,  and  illustrate  this  view  of  its  origin  by  placing 
layers  of  clay,  or  of  cloth,  of  different  colours,  under  a  weight,  and 
applying  pressure  to  the  sides. 

The  stratification  of  mica  schist,  when  occurring,  as  is  frequently 
the  case,  in  large  masses,  occupying  great  tracts  of  country,  is  very 
difficult  of  detection.  When  the  beds  are  not  separated  by  alter- 
nating rocks,  they  are  distinguishable,  like  those  of  gneiss,  by 
changes  in  the  proportions  of  their  component  parts.  By  the  admis- 
sion of  felspar  it  graduates  into  gneiss ;  and  by  the  preponderance  of 
the  quartz,  into  quartz  rock,  with  which  it  occure  extensively  asso- 
ciated. The  colour  of  the  different  varieties  of  mica  schist  depends 
upon  the  quantity  of  mica  which  they  contain,  which  varies  in  hue 
from  white  to  black,  the  quartz  being  almost  invariably  colourless. 
The  prevailing  colour  of  the  rock  is  therefore  gray,  except  when 
passing  into  chlorite  schist,  when  it  becomes  green. 

Mica  schist  differs  from  gneiss  in  not  being  traversed  so  much  by 
veins  of  granite.  These  only  occur  in  it  when  in  contact  with  the 
granite,  the  veins  being  small,  extending  only  a  short  distance  from 
the  mass,  and  their  origin  being  easily  traced;  but  it  is  subject  to  be 
much  penetrated  by  veins  of  quartz,  both  transverse  and  parallel  to 
the  laminae  of  stratification,  and  when  these  are  contorted,  the  veins 
are  contorted  also. 

Mica  schist,  like  gneiss,  forms  extensive  tracts  of  country,  and 
lofty  mountains,  but  it  also  occurs  in  beds  of  a  few  feet  in  thickness, 
associated  and  alternating  with  gneiss  and  quartz  rock. 

The  British  localities  are  the  Scotch  Highlands  and  the  north- 
west of  Ireland. 

Chlorite  Schist. 

The  essential  ingredients  of  this  rock  are  chlorite  and  quartz, 
occasionally  mixed  with  felspar  and  hornblende.  It  may  be  distin- 
guibhed  from  mica  schist  by  its  green  colour  and  saponaceous  feel. 
Its  most  extensive  association  is  with  mica  schist,  into  which  it 
passes  in  so  insensible  a  manner,  by  the  gradual  mixture  of  the  two 
minerals  with  quartz,  that  it  is  often  difficult  to  decide  which  name 
to  assign  to  the  rock.  It  is  under  such  circumstances,  that  it  forms 
masses  of  the  greatest  extent.  It  likewise  occurs  largely  associated 
with  argillaceous  schist,  into  which  it  passes,  by  a  transition  more 
or  less  perfect,  ft  alternates,  in  smaller  strata,  with  gneiss,  and  by 
the  addition  of  felspar  graduates  into  some  of  the  chloritic  varieties 
of  that  rock. 

Chlorite  schist,  under  a  great  variety  of  aspects,  occupies,  as  we 
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have  before  observed,  a  large  portion  of  tbe  Isle  of  Anglesey,  and 
ft  small  patch  of  it  is  found  at  the  south^^west  extremity  of 
Caernarvonshire. 

Talcose  Slate. 

This  rock  is  composed  of  talc  alone  or  of  talc  and  quartz.  It 
resembles  the  two  preceding  rocks,  but  is  distinguished  from  them 
by  the  peculiar  characters  of  the  talc,  and  by  its  colours,  which  are 
lead-gray,  white,  and  obscure  green.  It  occurs  only  in  beds  of  very 
limited  thickness  and  persistency,  imbedded  in  gneiss,  mica  schist, 
and  chlorite  schist,  and  in  a  few  rare  instances  in  argillaceous 
schist,  into  all  of  which  it  gradually  passes. 

Hornblende  Schist. 

Under  this  term.  Dr.  M'Culloch  proposed  to  include  all  those 
compounds,  previously  known  by  the  names  of  hornblende  rock,  primi- 
tive greenstone,  and  greenstone-slate,  whether  possessing  a  schistose 
structure  or  not,  which  are  clearly  contemporaneous  with  the  strata 
among  which  they  occur.  Its  ingredients  are  hornblende  and 
felspar,  but  the  hornblende  sometimes  prevails  to  the  exclusion  of 
all  other  minerals.  It  occurs  alternating  with  gr^eiss.  It  is  rarely 
met  with  in  large  masses  so  as  to  form  extensive  tracks,  without  the 
alternation  of  other  rocks.  It  is  most  frequently  associated  with 
gneiss,  and  less  commonly  with  mica  schist.  When  associated  with 
argillaceous  schist,  it  is  occasionally  observed  to  pass  insensibly  into 
that  rock. 

Quartz  Rock. 

This  is  a  stratified  rock,  the  beds  of  which  vary  in  dimensions, 
the  distinctions  between  them  being  more  strongly  marked  than 
those  of  gneiss  and  mica  schist,  with  which  it  is  often  associated. 
It  is  divided  by  natural  joints,  which  cause  it  to  break  into  rhom- 
boidal  or  rectangular  fragments.  The  variations  in  its  mineral 
character  are  numerous ;  its  most  simple  form  is  thus  described  by 
Dr.  M'Culloch: — "  It  is  occasionally,  but  rarely,  found  in  a  com^ 
pact  state,  and  crystalline  throughout,  little  differing  from  quartz,  as 
it  occurs  in  veins,  but  even  in  those  cases  showing  a  constant  ten- 
dency to  divide  in  parallel  beds.  More  frequently,  when  pure,  it 
has  an  aspect  obscurely  granular,  which  by  degrees  becomes  some- 
Ivhat  lax  and  arenaceous,  the  grains  varying  in  size,  and  in  the 
intimacy  of  their  union.  In  some  of  these  examples,  it  appears  to 
be  a  granular  crystalline  mass;  in  others  it  possesses  a  mixed 
mechanical  texture;  while  in  a  third,  the  rounded  aspect  of  the 
gfains,  and  the  small  number  of  points  of  contact,  appear  to  indi- 
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<^te  kti  origin  chiefly  mechanical,  and  resulting  from  the  agglutina^ 
tion  6f  fland.  Cavities  are  sometimes  found  in  the  specimens  eon*' 
taining  regular,  though  minute,  crystals  of  quarts*/" 

There  are  other  varieties,  consisting  of  quartz  intermixed  with 
felspar,  and  quarts  intermixed  with  mica,  forming  the  passage  into 
gneiss  and  mica  schist,  with  both  of  which  rocks  it  alternates,  as 
also  with  argillaceous  schist.  The  colour  of  quartz  rock,  when  pure, 
is  white,  but  it  occurs  of  other  shades,  as  ochre-yellow,  and  red. 
The  presence  of  mica  often  produces  a  gray-coloured  rock,  and  a 
mixture  of  felspar  communicates  a  flesh-red  tint  to  this  compound 
form  of  quartz  rock. 

Argillaceous  Scmsr. 

This  is  a  schistose  rock,  consisting  chiefly  of  indurated  clay, 
varying  in  hardness,  fissility,  and  composition,  and  undistinguishable, 
except  by  position,  from  the  argillaceous  slates  of  the  lower  secondary 
series.  Its  essential  minerals  are  the  indurated  clay  which  forms 
the  whole  of  the  simple  varieties,  and  quartz  and  mica,  which  enter 
into  the  compound  varieties.  The  prevalent  colours  of  the  finer 
kinds  are  lead-blue,  sometimes  red  and  purple,  gray  and  yellow. 
The  green  varieties  contain  chlorite,  and  pass  into  chlorite  schist. 

Crystallike,  or  Primary  Limestone. 

A  remarkable  peculiarity  attending  the  primary  strata  consists 
in  the  very  small  proportion  which  the  calcareous  rocks  bear  to  the 
rest  of  the  group,  thus  affording  a  striking  contrast  to  the  secondary 
rocks,  among  which  carbonate  of  lime  is  so  largely  developed. 

Primary  limestone  is  a  simple  rock,  varying  from  a  highly 
crystalline  texture,  both  large  and  fine-grained,  to  compact.  It  is  of 
various  colours,  but  generally  white.  The  purest  and  whitest 
varieties,  sometimes  called  saccharine  limestone,  from  their  resem- 
blance in  small  masses  to  sugar,  are  much  prized  as  statuary  marble. 

This  rock  is  generally  met  with  in  irregular  beds,  alternating 
indifferently  with  all  the  members  of  the  primary  series.  When  in 
contact  with  granite,  it  is  often  indurated^  and  when  very  impure, 
is  sometimes  converted  into  a  cherty  substance.  When  interstra- 
tified  with  gneiss  or  mica  schist,  it  is  apt  to  acquire  so  much  mica  as 
not  to  be  easily  distinguished  from  those  rocks  on  a  laminar  fracture. 

The  members  of  the  primary  strata  which  occur  in  the  greatest 
abundance,  and  in  the  largest  masses,  are  gneiss  and  mica  slate. 
The  series  may  therefore  be  conveniently  divided  into  the  gneiss  and 

*  M'CuLL0CB*8  CUmiflcaHonqf  Roekt,  p.  323. 
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mica  schist  systems.  The  former,  which  is  the  lowest,  consists  of 
strata  of  gneiss,  mica  schist,  hornblende  schist,  quartz  rock,  primarj 
limestone,  and  ar^llaceous  schist,  alternating  in  no  certain  order. 
In  the  mica  schist  system,  the  most  quartzose  and  felspathie  por- 
tions are  found  towards  the  bottom  of  the  system,  the  most  argil- 
laceous portions  towards  the  upper  part.  The  limestone  occurs 
imbedded  in  the  mica  schist. 

Geographical  Digtribution. 

The  primary  strata  occupy  a  large  portion  of  the  surface  of  the 
earth.  There  is  scarcely  a  country  in  any  part  of  the  world  in 
which  they  are  not  exposed  to  view,  either  by  the  original  absence  of 
the  secondary  series,  or  by  their  denudation  or  dismption. 

The  range  of  these  strata  in  the  British  Islands,  is  principally 
confined  to  the  north-west  Highlands  of  Scotland  and  Ireland.  The 
Hebrides,  from  Lewis  to  Mainland,  together  with  Coll  and  Tyrce, 
consist  of  gneiss,  and  the  same  rock  occupies  the  greater  portion  of 
the  Highlands  north  of  a  line  drawn  from  the  head  of  Loch  Awe,  to 
Aberdeen,  penetrated  irregularly  by  the  granites  of  Argjleshire,  the 
Orampians,  Peterhead,  and  Aberdeen. 

Mica  schist,  associated  with  quartz  rock,  and  crystalline  lime- 
stone, covers  the  western  parts  of  the  counties  of  Galway,  and 
Mayo,  in  Ireland,  re-appears  on  the  north  side  of  Donegal  Bay, 
and  expands  over  the  counties  of  Donegal  and  Derry,  and  the  north- 
west of  Tyrone.  It  crosses  the  Channel  to  Tsla,  Jura,  Colonsay,  and 
Cantyre,  dividing  on  the  coast  of  Ariryleslnre  into  two  branches, 
one  of  which  skirts  the  eastern  shore  of  Loch  Liunhe,  and  extends 
up  the  valley  of  the  Caledonian  Canal  to  Fort  Augustus;  the  other, 
by  far  the  largest,  occupies  the  space  between  the  head  of  Loch 
Awe,  and  mouth  of  Loch  Long,  bordering  the  Grampians  on  the 
south-east,  by  Killicrankic  and  Dunkcld,  and  terminating  in  a  narrow 
band,  which  ranges  through  Angus  and  Mearns  to  Stonehaven.  A 
smaller  tract  extends  from  the  base  of  Cairn  Gorni  to  Cullen.  The 
upper  part  of  the  mica  schist  about  Loch  Lomond  and  Loch  Earn 
becomes  chloritic,  and  the  rocks  of  this  system  appear  under  the 
same  form  in  Anglesey,  where  they  occur  in  three  parallel  bands, 
ranging  across  the  north-west,  centre,  and  south-east  of  the  island. 
The  strike  is  e.n.e.  and  w.s.w.,  and  the  same  rocks  re-appear  in 
Caernarvonshire,  extending  along  the  coast  from  Porthdynlleyn  to 
Bardsey  Island.  They  are  covered  by  the  clay-slate  system,  and  in 
parts  of  Anglesey,  by  the  old  red  sandstone  and  carboniferous 
limestone. 
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Very  slight  traces  of  gneiss  are  found  in  Skiddaw,  between  the 
granite  and  the  rocks  of  the  clay-sIate  system,  and  a  narrow  band 
of  that  rock,  with  mica  or  chlorite  schist,  skirts  the  granite  of 
Wicklow. 

The  principal  masses  of  quartz  rock  in  Scotland,  occur  in  a  line 
bordering  on  the  n.w.  of  the  mica  schist  districts  of  Argyle,  Perth- 
shire, and  Banffshire.  Quartz  rock  likewise  skirts  the  n.w.  coast 
from  Loch  Erihol,  to  the  southern  part  of  Skye,  and  occupies  large 
breadths  in  Isla  and  Jura.  Mountains  of  quartz  rock  are  remark- 
able for  their  conical  peaks,  as  Schiehallion,  the  Paps  of  Jura,  and  the 
Greater  and  Lesser  Sugar-loaf,  in  Wicklow. 

Granite  is  rarely  in  contact  with  these  strata  in  the  British  Isle?, 
without  sending  off*  veins  into  them.  The  other  igneous  rocks  which 
have  pierced  through  them  are  porphyry,  as  an  overlying  mass,  con- 
stituting the  summit  of  Ben  Nevis,  and  as  dikes  in  Ben  Cruachan 
and  Glen  Coe.  Dikes  of  greenstone  and  trap  are  by  no  means 
imcommon.  Serpentine  occui*s  at  Portsoy,  in  lona,  Anglesey,  and 
Connemara. 

Gneiss  and  mica  slate  are  found  in  France;  they  occupy  extensive 
tracts  in  Norway,  Sweden,  and  the  north  of  Russia ;  they  constitute 
the  central  lines  of  the  Alps  and  other  mountain-ranges  on  the  con- 
tinent of  Europe,  having  been  brought  up  from  beneath  the  overlying 
strata  by  the  subterranean  forces  which  upheaved  those  chains. 
They  occur  extensively  in  the  Brazils,  in  the  United  State?,  and  the 
remotest  parts  of  America  which  have  yet  been  visited.  We  know 
little  of  the  geology  of  Africa,  but  they  have  been  found  there  also. 
They  constitute  a  large  portion  of  the  island  of  Ceylon ;  they  enter 
extensively  into  the  composition  of  the  Himalaya  Mountains,  and 
are  by  no  means  rare  in  other  parts  of  the  continent  of  Asia.  They 
are,  indeed,  so  extensively  distributed,  and  wherever  found,  appear 
under  such  a  general  similarity  of  character,  that  we  are  justified  in 
assuming  that  they  exist  beneath  the  secondary  strata  in  all  parts  of 
the  world,  and  that  they  have  been  produced  by  some  general  causes 
acting  during  the  period  of  their  deposition  over  the  whole  globe. 

Controversy  as  to  their  Origin, 

The  nature  of  those  causes  has  afforded  matter  for  as  much 
controversy,  as  the  origin  of  the  unstratified  rocks.  Werner 
maintained  that  they  were  formed  with  the  world,  and  were  a 
chemical  deposit  from  "  a  chaotic  fluid,'"*  which  held  their  con- 
stituents and  those  of  granite  in  a  state  of  chemical  solution. 
As  the  waters  of  this  ocean  gradually  precipitated  the   minerals 
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with  which  they  were  charged,  they  became  capable  6f  supjporting 
animal  life,  chemical  deposits  ceased,  crystallitie  rocks  were  tlo 
longer  formed,  and  the  secondary  strata  were  deposited,  etliibit** 
ing  entirely  a  fragmentary  structure,  and  containing  the  imbedded 
exuviie  of  animals. 

Hutton,  a  Scotch  philosopher,  contemporary  with  Werner,  pro- 
pounded a  very  different  doctrine  respecting  the  origin  of  the  nnatlTft* 
tified  rocks  and  the  primary  strata,  which  has  triumphed  over  the 
rival  hypothesis,  and  has  been  confirmed  in  some  of  its  most  Im* 
portant  points,  by  the  observations  of  the  geologists  who  succeeded 
him.  He  taught  that  no  geological  phenomena  afford  evidence  of 
the  beginning  of  things ;  that  the  oldest  rocks  we  behold  are  deri- 
vative, the  ruins  of  pre-existing  rocks  destroyed  by  the  slow  erosion 
of  atmospheric  agency,  and  that  their  detritus,  borne  by  rivers  to 
the  ocean,  and  loosely  deposited  over  its  bed,  became  afterwards  oon-^ 
solidated  by  heat,  and  then  upheaved  and  fractured.  The  crystal* 
line,  or  primary  strata,  according  to  him,  were  originally  tnechauical 
deposits  similar  to  the  secondary  rocks,  but  altered  by  the  long-con- 
tinued  action  of  heat ;  while  granite  had  crystallized  from  a  state 
of  fusion,  and  had  slowly  cooled  under  great  pressure.  In  support 
of  those  views,  he  and  his  friends,  Playfair  and  Sir  James  Hall, 
collected  much  of  that  evidence  which  we  have  already  adduced  as 
proofs  of  the  igneous  origin  of  the  unstratified  rocks ;  and  he  was 
himself  the  first  observer  of  veins  ramifying  from  granite  into  the 
superincumbent  strata. 

The  establishment  of  the  igneous  origin  of  granite  has  cleared 
the  ground  of  many  difficulties,  and  that  part  of  the  Huttonian 
theory  which  relates  to  the  primary  strata  appears  to  be  rapidly 
gaining  ground  among  geologists. 

The  secondary  and  tertiary  rocks  present  unequivocal  proofs  of  a 
mechanical  and  aqueous  origin.  In  their  arrangement  in  horizontal 
beds,  in  the  subdivision  of  these  beds  into  thin  layers,  indicating 
successive  deposits,  and  in  the  shells  which  they  contain,  we  have 
exact  counterparts  of  those  beds  of  sand  and  silt  now  forming  under 
our  eyes,  at  the  mouths  of  rivers,  and  in  ponds  and  lakes ;  and  some 
of  the  tertiary  strata  are  not  more  consolidated  than  these  modern 
formations.  The  primary  strata  possess  the  same  character  of  divi- 
sion into  thick  beds,  and  of  subdivision  into  laminae;  but  they  con- 
tain no  organic  remains,  and  they  possess  a  crystalline  structure,  or, 
if  in  any  of  them  we  detect  obscure  traces  of  a  fragmentary  origin, 
those  fragments  are  united  by  a  crystalline  cement.  The  crystalline 
state  of  a  rock  is  no  proof,  either  of  an  igneous  or  an  aqueous  origin, 
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for  crystallization  may  take  place  from  a  state  of  fluidity  produced 
either  by  fusion  or  solution. 

We  see  crystalline  beds  of  limestone  that  contain  organic 
remains,  and  are  of  aqueous  origin;  we  also  know  that  carbonate  of 
lime  is  daily  dissolved,  and  re-deposited  by  water,  and  that  siliceous 
earth  is  held  in  solution  by  the  waters  of  thermal  springs.  Clay- 
date,  one  of  the  primary  strata,  never  could  have  resulted  from  a 
state  of  fusion,  for  it  is  but  clay  in  different  states  of  induration,  and 
is  thus  clearly  connected  with  an  aqueous  deposit.  It  likewise 
passed  by  such  insensible  gradations  into  chlorite  schist,  mica  schist, 
and  quartz  rock,  and  these  again  into  gneiss,  that  it  becomes  some- 
times difficult  to  define  the  limits  between  these  several  rocks;  and 
it  is  impossible  to  assign  a  different  origin  to  substances  so  closely 
related.  On  the  other  hand,  gneiss  passes  into  granite,  which  we 
consider  proved  to  be  of  igneous  origin.  The  Huttonian  hypothesis, 
therefore,  which  considers  the  primary  strata  as  an  altered  condition 
of  sedimentary  deposits,  appears  to  offer  the  only  solution  to  the 
difficulty. 

Whether  our  planet  has  ever  been  in  a  state  of  general  fusion, 
and  whether  it  consists,  even  now,  of  a  mere  crust,  resting  on  an 
incandescent  nucleus,  as  some  have  supposed,  reasonins^  from  the 
phenomena  of  volcanos,  and  from  the  increase  of  temperature  iA 
deep  mines,  we  know  not ;  but  we  are  certain  that  there  are  massed 
of  melted  matter  connected  with  volcanos,  deeply  seated  below  the 
granite ;  and  large  masses  of  incandescent  matter,  accompanied  by 
intensely  heated  gases,  may  have  produced  in  sedimentary  strata 
changes  of  texture  of  every  degree  between  the  slightest  induration 
and  crystallization.  The  experiments  of  Sir  James  Hall,  before 
alluded  to,  proved  that  heat  under  pressure,  was  capable  of  forming 
crystalline  rocks  out  of  their  fragments  reduced  to  powder;  and 
when  H  specimen  of  crystalline  marble,  which  he  had  formed,  by 
this  process,  out  of  pounded  oyster-shells,  was  shown  to  a  sculptor, 
he  remarked,  without  knowing  its  history,  that  wherever  such  marble 
might  be  found,  a  quarry  of  it  would  be  highly  valuable.  In  study- 
ing in  the  laboratory  of  Nature  the  phenomena  observable  when  the 
unstratified  rocks  have  intruded  among  the  sedimentary,  we  see 
exhibited,  in  a  more  striking  manner,  and  upon  a  larger  scale,  the 
effects  of  heat  upon  these  deposits.  We  not  only  see  earthy  lime- 
Stone  converted  into  crystalline  marble,  but  we  meet  among  the 
altered  rocks  with  counterparts  of  all  the  primary  strata.  We  see 
beds  of  shale  converted  into  jasper  and  flinty  slate,  and  beds  of  sand- 
stone into  quarts  rock,  under  such  circumstances  that  we  can  trace 
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the  gradual  passage  from  the  unaltered  into  the  altered  rock.  There 
are  also  instances  in  which,  when  the  earlier  clay  slates  have  been 
traversed  by  dikes  or  veins  of  granite,  or  the  basaltic  rocks,  the  slate, 
near  its  contact  with  the  veins,  is  sometimes  converted  into  horn- 
blende schist;  in  other  cases  it  becomes  micaceous,  acquiring  the  cha- 
racter of  mica  schist  or  gneiss;  and  in  others  again,  is  converted  into 
a  hard-zoned  rock,  strongly  impregnated  with  felspar.  In  many  of 
these  cases,  alteration  of  texture,  and  re-arrangement  of  the  com* 
ponent  particles,  appear  to  have  taken  place  without  actual  fusion. 

Though  it  is  now  very  generally  admitted  that  these  rocks  have 
undergone  alteration  from  heat,  there  is  a  difference  of  opinion  as  to 
the  extent  of  that  alteration,  and  the  time  when  it  took  place. 
Those  who  consider  that  the  absence  of  organic  remains  is  original, 
and  who  regard  granite  as  formed  by  the  cooling  of  the  globe  from 
a  state  of  general  fusion,  suppose  that  the  primary  strata  resulted 
from  the  rapid  decomposition  of  this  granitic  crust  when  aqueous 
action  commenced,  and  that  the  high  degree  of  temperature  still 
remaining  in  the  earth  only  effected  their  consolidation  as  they  were 
formed,  and  impressed  upon  them  that  peculiar  kind  of  lamination 
which  has  been  before  noticed.  In  support  of  these  views  they 
appeal  to  the  fragmentary  and  abraded  character  of  the  felspar  and 
mica  in  gneiss,  which  they  state  to  be  destitute  of  the  external 
cr}*stalIization  seen  in  granite. 

The  advocates  of  the  other  hj'po thesis,  who  suppose  that  the 
crust  of  the  earth  nowhere  exhibits  the  commencement  of  aqueous 
action  and  organic  life,  contend  that  there  was  no  original  difference 
between  these  strata  and  ordinary  argillaceous  and  arenaceous 
deposits;  but  that  as  aqueous  action  adds  to  the  mass  of  strata  above, 
those  previously  deposited  are  melted  down  into  granite  below,  and 
in  their  passage  into  that  rock  assume  the  characters  of  mica  schist 
and  gneiss,  accompanied  by  obliteration  of  organic  remains.  In 
support  of  this  h}T^othesis,  they  adduce  the  undoubted  fact  of  the 
fluidity  of  granite  at  various  epochs,  and  the  partial  changes  pro- 
duced in  the  more  recent  sedimentary  deposits  near  their  contact 
with  igneous  rocks. 

THE    FOSSILIFEROUS   STRATA, 

Having  now  described  the  unstratified  rocks,  and  the  non-fossi- 
liferous  strata,  and  having  briefly  adverted  to  the  evidence  in  favour 
of  the  igneous  origin  of  the  former,  and  the  metamorphio,  or 
changed,  condition  of  the  latter,  we  shall  proceed  to  the  classifica- 
tion of  the  fossiliferous  strata.     In  attempting  to  divide  them  into 
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groups,  distinguished  by  mineral  composition,  we  should  soon  dis- 
cover that  we  were  engaged  in  a  hopeless  undertaking.  It  is  true, 
we  might  find  some  general  mineral  characters,  distinguishing  the 
principal  masses  over  limited  regions ;  but  these  diistinctions  would 
fail  us,  when  we  should  attempt  to  extend  our  generalizations  to 
other  districts  at  the  distance  of  only  two  or  three  hundred  miles. 
And  again,  when  we  should  begin  to  frame  a  mineralogical  classi- 
fication of  the  subordinate  members  of  any  one  of  these  principal 
masses,  locally  distinguished  by  some  peculiar  mineral  character, 
such  as  that  of  producing  coal,  or  rock-salt,  or  lead,  we  should  soon 
be  bewildered  among  the  long  and  varying  succession  of  shales, 
limestones,  and  sandstones,  with  which  every  fresh  section  would 
overwhelm  us. 

William  Smith  discovers  that  Strata  may  be  identified  by  their 

Organic  Remains. 

In  the  organic  remains,  however,  of  the  secondary  strata,  we 
have  a  clue  to  guide  us  out  of  this  labyrinth,  and  a  means  of  identi- 
fying the  different  formations  in  very  distant  localities.  The  merit 
of  this  discovery  is  due  to  William  Smith,  a  land-surveyor  of 
Oxfordshire,  the  "  Father  of  English  Geology.'"  He  was  born  at 
Churchill  in  that  county,  a  place  abounding  in  fossils,  ^^  the  play- 
things of  his  childhood,  and  ,the  objects  of  collection  in  his  early 
youth.  This,''  says  Professor  Sedgwick,  "  is  one  of  many  instances 
where  things,  in  themselves  inconsiderable,  act  powerfully  on  pecu- 
liar minds,  so  as  to  influence  the  whole  tenour  of  after  life.  During 
his  boyhood,  his  habits  of  observation  became  confirmed  by  lessons 
in  practical  surveying;  he  remarked  the  alternations  of  argillaceous 
and  stony  strata,  and  thence  became  acquainted  with  the  origin  of 
springs,  and  the  true  principles  of  draining."'  During  the  course  of 
his  employment  as  a  land-surveyor,  he  had  extensive  opportunities 
of  examining  the  outcrop  of  the  principal  secondary  strata  of  central 
and  southern  England,  and  formed  collections  of  their  organic 
remains,  which  his  first  care  on  becoming  a  housekeeper,  in  1795, 
and  having  apartments  of  his  own,  was  to  arrange  stratigraphically. 

He  ascertained  that  certain  groups  of  fossils  were  peculiar  to 
certain  strata,  and  that  by  organic  remains  alone,  the  true  order  of 
succession  might  be  determined,  when  the  beds  themselves  were 
obscure.  He  subsequently  extended  his  observations  to  the  north 
of  England,  tracing  the  strata  along  their  basset  edges,  and  ascer- 
taining their  order  of  succession,  and  general  dip  towards  the  east. 
He  conceived  the  idea  of  representing  on  maps  the  area  occupied  by 
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their  outcrop,  and,  finally,  completed  a  geological  map  of  England, 
which  was  published  in  1815.  All  this  he  performed  alone,  unaided, 
nnpatronized,  thus  accomplishing  for  England,  as  was  remarked  by 
Daubisson,  in  twenty  years,  what  many  celebrated  mineralogists 
had  only  eifected  for  Germany  in  half  a  century. 

The  prospectus  which  he  published,  in  1801,  of  a  work  entitled 
Accurate  Delineatiom  and  Descriptions  of  the  Natural  Order  of 
the  various  Strata  that  are  found  in  different  parts  of  Enpland  and 
Wales^  ttith  Practical  Observations  thereon^  met  with  no  encoura|{e- 
ment.  "  Why,'^  says  Professor  Sedgwick,  ^^  his  hopes  of  patronages 
were  disappointed,  and  why  his  works  were  so  long  retarded,  not 
by  any  want  of  zeal  on  his  part,  but  by  want  of  assistance  from  the 
public,  it  is  not  for  me  now  to  inquire.  The  fact,  however,  is  not 
difficult  of  explanation.  At  the  time  his  prospectus  made  its  first 
appearance,  none  of  the  magnificent  discoveries  of  Cuvier  and 
lirongniart,  were,  I  believe,  published.  The  Geological  Society 
bad  no  existence;  the  branches  of  natural  history  connected  with 
secondary  geology  were  little  cultivated,  and,  indeed,  almost  un- 
known in  this  country ;  and  hence  some  persons,  perhaps,  doubted 
the  reality  of  Mr.  Smith'^s  pretensions,  on  a  subject  they  had  been 
taught  to  regard  as  empirioal :  and  the  public  at  large  took  little 
interest  in  what  they  did  not  comprehend.  He  suflered,  therefore, 
as  many  men  of  genius  have  done  before  him,  in  his  peace,  and  in 
his  fortune,  from  what,  in  our  estimation,  constitutes  his  chief 
honour, — from  outstripping  the  men  of  his  own  time  in  the  progress 
of  discovery  *.'^ 

The  generalization  that  strata  are  to  be  identified  by  means  of 
the  fossils  contained  in  them  was  soon  pushed  beyond  its  proper 
bounds,  and  it  was  supposed  that  the  presence  or  absence  of  a  par- 
ticular species,  or  genus,  was  sufficient  to  establish  an  identity 
between  the  rocks  of  the  most  distant  regions.  Such  distinctions 
proved  as  little  to  be  relied  on,  except  within  very  limited  districts, 
as  mineral  characters  alone ;  and  there  is  no  doctrine  enforced  more 
strongly  by  those  whose  knowledge  of  organic  remains  is  the 
greatest,  and  who  have  had  the  most  extensive  practical  experience 
in  the  identification  of  strata,  than  this,  that  we  can  only  safely  rely 
on  the  succession  of  large  groups  of  fossils. 

The  order  of  succession  existing  among  the  stratified  rocks  is 
principally  founded  on  observations  made  within  the  limits  of 
JEurope.     Great  Britain  afibrds  examples  of  every  system  of  strata 

♦  Sedgwick's  Address,  on  presenting  Mr.  Smith  with  the  WoUaston  Medal.— > 
Pr^cssdmfft  qf  Geoiojicai  Hocietp,  vol.  i.,  p.  277* 


SIMILARITY   OF,    IN    ALL   COUKTRIEfl   YET    EXPLORED.  191 

at  present  recognised.  In  Scotland,  as  we  have  just  seen,  there  is 
a  larjse  extent  of  gneiss  and  mica  schist.  With  the  exception  of  the 
poikilitio  system,  which  is  less  developed  with  us  than  in  France 
and  Germany,  England  is  classic  ground  to  the  student  of  secondary 
geology ;  and  our  carboniferous,  oolitic,  and  cretaceous  systems,  so 
largely  developed,  and  rendered  so  celebrated  by  the  generalizations 
to  which  they  conducted  Smith,  have  long  been  the  types  of  that 
part  of  the  series.  Wales  and  Siluria  afford  normal  groups,  worked 
out  by  Sedgwick  and  Murchison,  with  which  they  are  now  compar- 
ing their  equivalent  strata  in  other  parts  of  Europe.  The  tertiary 
deposits  are  best  studied  on  the  Continent,  where  they  occupy  a 
large  portion  of  the  surface ;  but  the  south-east  of  our  island  affords 
characteristic  specimens  of  the  eocene  and  pliocene  epochs. 

The  English  Order  of  Succession  applicable  to  the  rest  of  Europe. 

When  we  compare  the  series  of  stratified  rocks  in  different 
regions,  we  find  a  certain  general  resemblance,  accompanied  by 
local  differences.  Equivalents  of  each  of  the  systems,  as  exhibited 
in  England,  can  be  traced  over  the  whole  of  the  north  of  Europe. 
In  France  and  Germany  we  are  even  able  to  identify  some  of  their 
subdivisions;  but  when  we  cross  the  Alps,  and  still  more  when  we 
extend  our  researches  to  more  distant  regions,  we  are  scarcely  justi- 
fied, with  our  present  information,  in  making  a  more  detailed  dis- 
tribution of  the  rocks  of  extra-European  countries,  than  into  the 
leading  divisions  of  primary,  secondary,  and  tertiary. 

The  great  divisions  of  Primary^  Secondary^  and  Tertiary^  are  found 

in  all  Countries  yet  explored. 

These  are  found  in  all  countries  yet  explored,  maintaining 
wherever  they  occur  together  the  same  relative  position  as  in 
Europe,  that  is  to  say,  we  find  at  the  surface  deposits  whose  organic 
remains  exhibit  an  approach  to  species  inhabiting  the  neighbouring 
land  and  sea,  while  below  them  are  rocks  having  a  general  resem- 
blance to  our  cretaceous,  oolitic,  and  carboniferous  systems;  the 
base  of  the  whole  being  clay-slate  (sometimes  fossiliferous),  mica 
slate,  and  gneiss.  It  will  require  many  years  of  observation  to 
determine  whether  a  more  minute  identification  can  be  established. 

The  extra- European  countries,  in  which  the  greatest  progress 
has  been  made  in  the  examination  of  the  fossiliferous  deposits,  are 
North  America  and  India,  and  these  researches  are  now  conducted 
with  a  more  temperate  spirit  of  generalization  than  that  which  till 
lately  prevailed.     Geologists  have  now  learned  that,  in  exploring 
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distant  regions,  they  have  first  to  ascertain  the  series  of  depodte 
actually  existing  in  a  given  country,  and  the  divisions  of  which  they 
are  susceptible,  before  attempting  to  identify  any  of  its  members 
with  European  strata. 

The  Indian  geologist  is  beset  with  many  temptations  to  deviate 
into  a  less  prudent  course,  from  the  close  approximation  whioh 
certain  rocks  in  the  Himalayas  offer  to  the  lias  and  oolites  of  the 
English  type;  from  the  presence  of  extinct  pachyderms  of  the 
Paris  basin,  in  the  tertiaries  of  the  Sewalik  Hills;  and  from  the 
recent  discovery,  in  the  district  of  Assam,  of  strata  containing  many 
marine  molluscs,  identical  in  species  with  those  of  the  calcair0 
pro89ier. 


CHAPTER  XI. 


Synopsis  of  the  Stratified  RocJcs — imperfectiom  of  our  present  classic 
fication — the  fossiliferous  series  forms  one  continuous  group  %chen 
not  broken  by  local  disturbances — indefinite  limits  of  the  transi- 
tion group  of  different  authors. — Lithological  characters  of  tie 
Cumbrian  system— jointed  structure^  and  slaty  cleatage — rarity 
of  organic  remains — absence  of  land  plants — geographical  distri- 
bution of  rocks  of  this  system — its  types^  as  exhibited  in  Wales 
and  Cumbria — subdivisions — similarity  of  the  Cambrian  and 
Silurian  systems — igneous  rocks^  and  metallic  reins. — Silurian 
system — lithological  cha  racters — subdivisions — increase  of  organic 
remains  — fishes  —  trilobites  —  rarity  of  plants — probable  con- 
ditions  under  which  the  Silurian  strata  were  formed — geogra^ 
phical  distribution — associated  igneous  rocks — altered  sedimentary 
strata. 

FOSSILIFEROUS  STRATA. 

Older  Secondary  Rocks. — Cambrian  and  Silurian  Systems. 

Synonym$.  Transition  Series ;  Fossiliferous  Grauwacke.and  Grauwacke  Slate; 
Primary  Fossiliferous  Strata,  English  autkoi-s.  Grauwacke  schistoide^  French. 
Grauwackenschiefer,  German.  Grauwacke  Limestone,  Transition  Limestone, 
English  authors.  Calcaire  de  traruUion,  Calcaire  intermediaire,  French,  Ueber^ 
fauffMkalkstein,  German. 

The  following  Table  exhibits  a  synoptical  view  of  the  succession  of 
stratified  rocks,  as  found  in  Great  Britain ;  their  arrangements  into 
the  three  classes  of  Primary,  Secondary,  and  Tertiary;  and  their 
division  into  minor  groups,  termed  systems  and  formations : — 


TABLB   OF   STRATIFIED    ROCKS. 
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000 


500 


000 


400 


450 


400 


1,000 


000 


aoo 


CKaik  Formation, 


Greontand  FormatUm, 


Woalden. 


Upper  Ooliie, 


Middle  OolUe, 


Lower  Oolite, 


Liae. 


New  Red  Sandetone 
FoffnaHofim 


Magnetian  ZAmeeione 
FortnaHon, 


Subdivisions, 


Lacustrine  and  flnTift* 
tile-  deposits  of  Mar- 
ket Weighton,  and 
the  Yale  of  Thames. 

Norwich  crag. 

I  Red  crag. 

t  Coralline  crag. 

'Bagshot  sand. 
Fr^-water  beds,  Isle 
of  Wight 

,  London  and  plastic  clay. 


r  Upper  Chalk. 
(Lower  Chalk. 


I  Upper  greensand. 

.  Gault. 

I  Lower  greensand. 


{Weald  clay. 
Hastings  sand. 
Purbedc  beds. 


J  Portland  oolite. 
\  Kinuneridge  clay. 


Upper  calcareous  grit 
Coralline  oolite. 
Lower  calcareous  grit. 
Oxford  clay. 
Kelloways  rock. 


Combrash. 
Forest  marUe. 
Bath  oolite. 
FollePs  earth  beds. 
Inferior  oolite. 
Sands. 


/  Upper  lias  shalesL 
Marlstoneu 
Middle  lias  shales. 
Lias  limestone. 
Lower  lias  shales. 


{Variegated  marls. 
Variegated  sandstone. 
Conglomerates. 


Enottingley  limestone. 
Gypseous  marls. 
MRgnesian  limestone. 
Marl  slates. 
Red  sandstone. 
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STRATIFIED  MOCKS^r-Cmimmd. 


Sifti0mi, 


Tktek 


CAEBOViPEmOUS 

Ststkm*. 


3,000 


2^400 

aootoi 

lOjPOOJ 


SiLumiAif  Ststxm. 


CAXB&IAir 

Ststkx. 


Mica  Schist 
System. 


Cofll  FofMoliofi. 


Carbom/nomt 
(MdRsd. 


Coal-metsnres. 


(MiDstODe  grit. 
Great  shale. 
Great  scar  fimeatene. 


Old  red  sandstone. 


7,600 


lOjPOO 
at  least 


Un- 
known. 


Ludkw  Fonmaiion, 


Wenlodt  Fanmaium. 


Caradoe 
Ji/flfufeifa 


UpiptT  Ctmbnau 


Lower  CamMan, 


{Upper  liodkm  r96km 
Ajmesiiy  liiffong. 
Lower  Lodlow  rock. 


I  Wenlock  Umestoifto. 
\  Wenlock  shale. 


r  Osradoc  flags. 

\  Carsdoc  sandstones 


Llandeilo  flags. 


{ 


Slates  and  sandstonea. 
Bala  and 
limestones: 


Slates  and  sandstODflB. 


Miea  S<^Ui* 


llica  slate. 
Hornblende  slates 
Cryiitalline  limesUme. 
^Quartz  rock. 


GiTKiss  Ststxx. 


Un- 
known. 


Gneiss. 


'Gneiss. 

Hornblende  date. 
Crystalline 
Quartz  rock. 


Imperfection  of  our  present  Classification. 

It  must  be  remembered,  however,  that  in  the  present  state  of 
our  knowledge,  attempts  to  divide  the  fossiliferous  series  into  a  few 
large  groups  must  be  regarded  rather  as  an  arrangement  of  con- 
venience than  as  having  any  real  foundation  in  nature;  for  where 
the  sequence  of  deposits  is  unbroken  by  accidental  circumstances, 
there  is  a  gradual  passage  by  zoologicsd  as  well  as  mineralogical 

*  It  IS  proposed  by  Professor  Sedgwick  and  Mr.  Mnrebison,  to  indnde  the  dd 
red  sandstone^  and  certain  slate  rocksy  constituting  a  zoological  passage  from  the 
SUuriaa  to  the  Carboniferous  systems,  into  a  new  group,  under  the  name  of  the 
I>evonian  system ;  and  it  is  highly  probable  that  some  such  anangement  will^ 
before  long^  be  generally  adopted. 
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cbAracters  between  the  rocks  of  different  systems,  as  there  is  between 
the  different  members  of  the  same  system.  It  is  only  where  they 
are  found  uncohformable  in  position,  from  the  disturbances  by  which 
they  have  been  affected,  that  we  can  draw  those  hard  lines  of  dis- 
tinction which  our  classifications  require.  But  these  disturbances 
have  only  been  local,  though  sometimes  extending  over  considerable 
areas;  and  when  we  pass  beyond  their  influence,  we  find  the  lines 
of  demarcation  obscure,  and  the  arrangement,  which  elsewhere 
appeared  so  clear,  becomes  embarrassed. 

We  have  already  shown  how  the  terms  Primary,  Transition,  and 
Secondary,  were  introduced  into  the  science,  and  why  they  were 
retained  after  the  views  which  gave  rise  to  them  were  abandoned 
in  consequence  of  a  more  enlarged  and  accurate  acquaintance  with 
nature;  and  we  have  adverted  to  the  necessity  of  discontinuing  the 
use  of  the  word  Transition,  not  only  because  of  the  erroneous  ideas 
conveyed  by  it,  but  because  of  the  latitude  with  which  it  had  been 
applied,  one  geologist  making  the  transition  rocks  terminate  with 
the  grauwacke  series,  or  with  the  system  now  called  Silurian,  another 
extending  it  to  the  old  red  sandstone,  a  third  including  in  it  the 
whole  of  the  carboniferous  strata,  while  a  fourth  considered  the  old 
and  the  new  red  sandstones  as  parts  of  one  great  system  of  arena- 
ceous rocks,  in  which  the  carboniferous  series  was  a  mere  local 
deposit. 

The  discordance  between  these  different  classifications  arose 
from  the  cause  already  alluded  to,  viz.,  from  their  having  been  founded 
on  the  study  of  rocks  in  different  countries  where  unconformable 
position  had  been  produced  by  local  disturbances  at  different  epochs. 
In  the  present  work  the  term  Primary  will  be  restricted  to  the  non- 
fossiliferous  strata,  and  the  term  Older  Secondary  will  be  used  instead 
of  Transition,  making  it  comprise  all  the  fossiliferous  strata  to' the 
termination  of  the  carboniferous  system.  Other  geologists,  among 
whom  is  Professor  Phillips,  include  the  Cambrian  and  Silurian 
systems  among  the  primary  rocks,  chiefly  because  up  to  that  point 
the  sequence  of  deposit  appears  unbroken  by  any  very  extensive 
movements  of  disturbance,  and  because  a  very  general  disruption  of 
the  crust  of  the  earth  appears  to  have  immediately  preceded  the 
deposit  of  the  carboniferous  system.  On  the  other  hand,  in  the 
country  where  the  Silurian  rocks  were  first  studied,  and  where  they 
are  best  developed,  they  are  conformable  to  the  old  red  sandstone, 
and  carboniferous  limestone;  while  some  discordance  of  position  is 
observable  between  them  and  the  upper  portion  of  the  Cambrian 
system;  and  in  part  of  Sweden  they  are  found  in  the  horizontal 
position  in  which  they  were  originally  deposited,  appearing  to  have 

02 
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been  elevated  above  the  waters  solely  by  that  gradual  process  which* 
is  DOW  raising  or  depressing  large  portions  of  that  peninsula.  Con- 
sidering, therefore,  that  the  most  general  disruptions  of  the  earth^s 
crust  are  but  of  a  local  nature,  we  have  preferred  an  arrangement 
based  on  certain  broad  zoological  characters;  and  such  appears  to  be 
that  which  classes  together  the  Cambrian,  Silurian,  and  Carboniferous 
systems, — all  characterized  by  the  prevalence  of  certain  extinct 
genera  of  molluscs  (Spirifera,  Producta,  Bellerophon,  Orthoceras), 
and  of  certain  extinct  families  of  fishes,  by  the  crustaceous  family  of 
trilobites  not  extending  beyond  them,  and  by  the  peculiar  character 
of  their  vegetation,  when  vegetable  remains  are  found  in  them*.  At 
the  same  time,  it  must  be  owned,  that  even  this  division  is  some- 
what arbitrary,  since,  as  we  shall  see  hereafter,  the  lower  part  of 
the  system  immediately  above  the  carboniferous  possesses  some 
zoological  characters  in  common  with  the  rocks  of  that  era. 

Cambrian  System. 

We  are  indebted  to  Professor  Sedgwick  and  Mr.  Murchison  for 
the  separation  of  that  chaotic  mass,  long  known  by  the  vague  names 
of  the  Transition  and  Grauwacke  series,  into  systems  and  formations, 
defined  by  peculiar  lithological  and  zoological  characters.  The 
results  of  the  researches  of  the  former  geologist  among  the  rocks  of 
the  lower  part  of  the  series  are  as  yet  only  partially  published,  but 
from  an  examination  of  those  rocks  in  the  south  of  Scotland,  in 
Cumberland,  and  in  North  and  South  Wales,  he  has  arrived  at  the 
conclusion,  that  they  are  capable  of  division  into  two  formations 
comprised  in  one  system,  to  which  he  has  given  the  name  of  the  Gan^ 
brian,  because  it  attains  a  great  thickness  and  occupies  an  extensive 
area  in  Wales,  where  it  is  seen  in  contact  with  the  Silurian  rocks  of 
Mr.  Murchison,  which  succeed  it  in  the  ascending  order.  The  two 
formations  he  has  named,  the  Lower  Cambrian,  or  Snowdonian,  and 
the  Upper  Cambrian,  or  Plynlymmon  formation. 

In  the  Lower  Cambrian  formation,  which  is  most  extensively 
developed  in  the  counties  of  Caernarvon  and  Merioneth,  we  meet 
with  the  earliest  traces  of  organic  remains  yet  known.  In  mineral 
character  the  system  is  chiefly  argillaceous,  consisting  of  slate  of 
various  shades  of  black,  lead -blue,  green,  and  purple,  having  a 
jointed  structure,  and  a  slaty  cleavage  transverse,  to  the  planes  of 
stratification.  The  coarse-grained  varieties  pass  into  sandstone  and 
conglomerate,  and  into  grauwacke.     This  last  is  a  rock  having  an 

*  Professor  Sedgwick  and  Mr.  Murchison  propose  the  term  PaUsozoic  for 
these  rooks* 


SLATY   CLEAVAOB. 


197 


l^rgillaoeouB  base,  in  which  are  imbedded  fragments  of  quartz,  fel- 
spar, mica,  jasper,  and  flinty  slate. 

These  rocks  are  accompanied  by  a  dark  concretionary  limestone, 
at  Bala  in  Wales,  and  Coniston  Water  in  Westmorland.  Con* 
glomerates,  having  a  porphyritic  base,  porphyries,  amygdaloidif, 
and  greenstone,  are  also  associated  extensively  with  the  slates, 
not  only  in  intrusive  masses,  but  also  in  beds  alternating  with 
them,  partaking  of  their  flexures  and  inclination,  and  appearing  to 
be  either  igneous  rocks  of  contemporaneous  origin  or  metamorphio 
conditions  of  the  sedimentary  strata. 

Slaty  Cleavage.  That  fissility  and  tendency  to  division  by 
symmetrical  joints,  which  constitute  the  economical  importance  of 
the  argillaceous  portions  of  the  series  as  roofing  slates,  pervade,  in 
different  degrees,  the  entire  mass  of  the  Cambrian  rocks,  and  form 
one  of  their  distinctive  characters. 

Cleavage,  which  Professor  Sedgwick  distinguishes  from  jointed 
structure  by  a  capability  of  indefinite  subdivision,  appears  never  to 
coincide  with  the  true  plane  of  stratification.  The  planes  of 
cleavage  and  stratification  dip  sometimes  to  the  same,  sometimes  to 
different,  points  of  the  compass;  they  are  inclined  to  each  other, 
soAietimes  at  an  angle  of  less  than  10°,  on  the  average  at  an  angle 
of  30^  or  40°,  and  in  some  instances  of  90°.  It  frequently  happens, 
particularly  in  the  finer  argillaceous  deposits,  that  this  slaty  cleavage 
has  obliterated  the  laminae  of  stratification  or  rendered  them  so 
obscure  that  they  can  only  be  recognised  by  those  stripes,  so  well 
known  in  some  of  the  roofing  slates  of  Cumberland  and  Wales, 
formed  by  alternations  of  matter  differing  in  colour,  mineral  com-* 
position,  or  fineness  of  grain.  These  stripes  are  invariably  parallel 
to  the  alternating  masses  of  sandstone  and  to  beds  containing  organic 
remains. 

When  the  cleavage  is  well  developed,  its  strike  coincides  with 
the  strike  of  the  beds,  that  is,  with  the  great  axis  of  elevation;  and 
there  are  districts  in  North  and  South  Wales,  thirty  miles  long  and 
many  miles  in  breadth,  where  the  planes  of  cleavage  preserve  an 
undeviating  strike  and  dip,  notwithstanding  the  numberless  contor- 
tions of  the  beds. 

The  cleavage  is  most  prevalent  and  perfect  in  the  argillaceous, 
finer-grained,  and  homogeneous  rocks;  in  the  coarser  varieties  the 
laminae  and  beds  of  the  strata  are  most  distinct. 

In  the  annexed  diagram  (fig.  58),  which  represents  a  stoup,  or 
stage  of  slate  quarry,  the  plane  a  bod  is  a  horizontal  joint,  the  strong 
lines  EE  FF  are  vertical  joints  running  in  various  directions,  og  arei 
bands  or  stripes  of  different  colour  or   composition,  marking  the 
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pbiMi  of  ■tmtifiartion.  Tha  plane  cdhikl  ia  a  pboe  of  daaTaga, 
in  which,  and  in  which  onl;,  the  rock  is  capaUs  of  indsfinite  lob- 
dirisioDi'as  marked  b^  the  linee  of  shading,  hh  are  bevd  jointa- 
onmin);  the  cleanf^  obliqnely,  and  making  a  conmderaUe  ao^t 
with  the  hwion. 


It  has  been  already  remarked  that  the  strike  of  the  cleavage  omn- 
cidea,  when  well  developed,  with  that  of  the  beda  or  great  sxia  of 
elevation.  Thia,  in  North  and  South  Wales  and  Cumberland,  ia 
about  N.E.  and  s.w.  The  cleavage,  however,  is  subject  to  slight 
variations  of  strike  in  different  quarries,  and  even  in  different  parts 
of  tbe  same  quarry,  undergoing  a  chaoge  of  direction  every  time  the 
bed  of  roofing  slate  is  crossed  by  one  of  those  veins  of  quartz,  chlorite, 
carbonate  of  lime,  &o.,  often  containing  traces  of  copper,  which  are 
known  to  tbe  workmen  by  the  name  of  "  posts." 

The  annexed  diagram  (fig.  59)  exhibits  the  strike  and  dip  of  the 
cleavage,  stratification,  and  joints,  of  most  frequent  occurrence  in  the 
Glynyronwy  Quarry  at  Llanberriea,  with  the  names  by  which  they 
are  known  among  tbe  quarrymen.  The  prevailing  joint  ia  the 
"  Back,"  the  average  direction  of  which  is  at  right  angles  to  the 
cleavage.  The  "Slant"  and  the  "Bevel"  are  less  common,  and  their 
direction  and  inclination  vary  in  different  qoarries. 

Cleavage  and  jointed  structure  appear  to  be  conditions  super- 
induced subsequent  to  the  sedimentary  accumulation  of  the  strata, 
and  subsequent  also,  in  many  cases,  to  the  movements  of  distorbanoe 
by  which  they  were  thrown  into  an  inclined  position,  for  the  vef- 
tioal,  or  nearly  vertical,  cleavage  traverses,  as  was  before  observed, 
many  alternations  of  contorted  strata,  and  its  parallelism  has  not 
been  affected  by  those  contortions.     It  may  be  considered  in  a  great 


OBOANIG  RBMAIN8.  199 

measure  confined  to,  or  more  perfectly  exhibited  and  extensively 
developed,  in  these  older  argillaceous  rocks. 

Imperfect  cleavage  occurs  locally  in  more  modem  deposits  near 
their  contact  with  trap  dikes  and  other  igneous  masses.  We  may, 
therefore,  consider  the  slaty  cleavage  of  the  Cambrian  system  as  the 
result  of  a  more  general  action  of  heat  on  sedimentary  rocks,  over^ 
coming  the  original  lamination  of  the  deposit,  and  causing  the  par» 
tides  to  arrange  themselves  in  a  new  position.  It  has  not  been 
produced  on  an  extensive  scale  in  the  Silurian,  or  next  system  of 
rocks  in  the  ascending  order,  nor  among  more  modem  formations ; 
and  even  among  rocks  of  the  Cambrian  type,  slaty  cleavage  is  more 
prevalent  in  the  lower  than  in  the  upper  part  of  the  system. 


Organic  Remains.  The  rooks  of  the  Cambrian  group  aflbrd  the 
first  undoubted  traces  of  organic  remains.  They  occur  at  but  few 
points,  and  in  small  quantities,  amidst  a  great  thickness  of  sediment 
tary  rocks,  extending  over  a  wide  area,  and  this  circumstance,  coni- 
nected  with  the  paucity  of  species  where  the  fossils  are  in  the 
greatest  abundance,  appears  favourable  to  the  presumption  that  the 
absence  of  organic  remains  from  the  older  stratified  rocks  of  thp 
mica  slate  and  gneiss  systems,  is  not  the  efiect  of  any  process  by 
which  they  have  been  destroyed,  and  that  in  the  Cambrian. rocb 
we  behold  the  first  appearance  of  organic  life  upon  the  surface  of 
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rar  planet.  Ereh  the  limestones,  which,  in  more  modern  fomat^ 
tions,  abound  in  fossils,  contain  them  but  sparingly  in  the  Cambrian 
system.'  In  Cumberland,  organic  remains  have  not  been  detected  in 
the  slates,  but  they  occur  in  the  dark  slaty  limestone  of  Coniston 
Water*  In  Caernarvonshire  they  are  found  in  Snowdon,  in  a  coarae 
date,  and  in  greater  abundance  in  the  Bala  limestone.  Professor 
Phillips,  who  is  the  latest  and  best  authority  on  the  subject,  does 
not  extend  the  number  of  species  of  zoophytes  and  molluscs  observed 
in  the  slates  to  more  than  twelve,  and  he  has  not  seen  above  twice 
that  number  from  the  limestones  of  Bala  and  Coniston,  and  the 
slates  of  Cornwall*.  They  belong,  according  to  the  same  aath<Nr, 
to  the  genera  Cyathophyllum,  Terebratula,  Spirifera,  and  Leptssna, 
or  Producta.  In  the  slate  rocks  of  Snowdonia  the  impressions  of 
shells  are  found  at  intervals  along  the  same  strike,  ranging  from 
Llyn  Idwal  across  the  pass  of  Llanberris  to  Snowdon,  and  reappear- 
ing, on  nearly  the  same  line,  in  a  small  quarry  on  the  demesne  of 
Boduan,  near  Pwllheli.  In  the  last  mentioned  spot,  where  the 
extent  of  rock  exposed  to  view  is  very  small,  casts  of  shells,  and 
sometimes  portions  of  the  shells  themselves,  in  considerable  quanti- 
ties, but  chiefly  of  one  species,  are  contained  in  a  light  blue  crystal- 
line rock,  having  a  rude  columnar  structure,  and  divided  into 
globular  masses,  which  weather  rapidly  in  concentric  layers  on 
exposure  to  the  atmosphere,  so  as  to  assume  the  appearance  of  a 
very  friable  sandstone.  The  shells  here  are  full  and  round,  <m 
Snowdon  they  are  much  compressed,  and  at  Llyn  Idwal  the  traces 
are  extremely  indistinct. 

Geographical  Extent.  Rocks  of  the  Cambrian  system  are  found 
in  the  following  localities  within  the  British  Islands.  In  Scotland, 
skirting  the  Grampians,  from  Stonehaven  to  Loch  Lomond  and 
Loch  Long;  in  the  Isles  of  Bute  and  Arran,  Isla,  and  Jura;  on  the 
north-eastern  coast  in  Aberdeenshire,  and  on  the  English  border, 
extending  from  St.  Abb's  Head  to  the  Mull  of  Galloway. 

They  occupy  the  lake  district  of  Cumberland  and  Westmorland, 
a  large  part  of  the  Isle  of  Man,  and  portions  of  the  Isle  of  Anglesey. 
In  North  and  South  Wales  these  rocks  extend  over  a  tract  between 
thirty  and  forty  miles  broad,  bounded  on  the  west  by  the  Menai 
and  St.  George''s  Channel,  and  on  the  east  by  a  curved  line  extend- 
ing from  the  Orme''s  Head,  in  Caernarvonshire,  to  St.  David^s  Head, 
in  Pembrokeshire.  Chaniwood  Forest,  in  Leicestershire,  is  com« 
posed  of  them.  A  large  part  of  Devonshire,  and  almost  the  whole 
of  Cornwall,  were  till  lately  supposed  to  belong  to  the  older  part  of 
the  slate  series,  but  the  recent  investigations  of  Professor  Sedgwick 

*  Lasduxs's  CfohjmKa^  G^ohpy,  vol.  i.  p.  12S. 
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and  Mr.  Murchison  have  reduced  these  within  narrower  limits,  and 
have  removed  the  culmiferous  shales  and  grits  of  North  Devon  to  the 
epoch  of  the  coal  measures,  and  the  fossiliferous  slates  and  lime^ 
stones  of  South  Devon  (Plymouth,  Torbay,  Newton  Bushel)  to  that 
of  the  old  red  sandstone.  The  same  may  be  said  of  the  slate  districts 
of  Ireland,  where  rocks  of  the  Cambrian  system  occur  on  both  sides 
of  the  granite,  in  the  counties  of  Wicklow  and  Carlow,  as  also  in 
the  counties  of  Down,  Louth,  Armagh,  Monaghan,  and  Cavan,  and 
in  those  of  Cork,  Kerry,  and  Waterford ;  but  the  Irish  geologists, 
following  the  example  of  Murchison  and  Sedgwick,  appear  now 
inclined,  on  the  evidence  of  organic  remains,  to  refer  a  considerable 
portion  of  them  to  the  same  epoch  as  those  of  Devonshire. 

Large  tracts  of  the  mountainous  districts  of  continental  Europe 
are  likewise  composed  of  fossiliferous  slates,  in  Britany,  the  Ardennes, 
the  Hartz,  and  Norway;  but  it  yet  remains  to  determine  the  limits 
between  the  Cambrian  and  Silurian  strata,  and  to  ascertain  whether 
those  districts  afford  any  more  recent  slate  rocks  intermediate,  like 
those  of  Devonshire,  between  the  Silurian  and  Carboniferous  systems. 
The  same  remark  applies  to  the  chain  of  the  Atlas,  in  Africa,  the 
AUeghanies,  in  North  America,  and  other  distant  parts  of  the  world, 
in  which  fossiliferous  slates  have  been  observed. 

The  annexed  diagram  (fig.  60)  represents  the  broken  and  con- 
torted state  of  the  Upper  and  Lower  Cambrian  rocks  from  the  Menai 
to  the  English  border,  and  their  relations  to  the  chloritio  slate  of 
Anglesey  on  the  west,  and  the  Silurian  and  Carboniferous  rocks  on 
the  east. 

Types  of  the  Cambrian  Formations.  The  types  of  the  upper 
and  lower  formations  of  the  Cambrian  system,  deduced  from  a 
combination  of  the  phenomena  of  Wales  and  Cumberland,  the 
only  districts  where  these  rocks  abound  which  have  as  yet  been 
thoroughly  examined,  may  be  stated  thus. 

Lower  Cambrian  or  Snowdonian  Formation, 

Wales,  The  rocks  of  the  greater  part  of  the  counties  of  Caernarvon 
and  Merioneth,  consisting  of  slates  of  various  colours,  with  cleavage 
transverse  to  the  stratification,  grauwacke,  and  conglomerates,  asso- 
ciated with  porphyry  and  greenstone.  The  porphyries  are  frequently 
interstratified  with  the  slates,  and  graduate  into  them  and  into  con- 
glomerates with  a  porphyritic  base.  A  few  organic  remains.  Thick- 
ness unknown,  but  probably  several  thousand  yards. 

Cumberland.  The  green  slates  and  porphyry  rocks  of  Langdale 
and  Borrowdale,  dark  flags  and  slates  in  the  upper  part,  fine-grained 
green  slate  in  the  middle,  amygdaloid  and  fragmentary  rocks  in  the 
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lower  part.  The  alfttes  pMB  into  compact  felspathio  slate,  some- 
timea  porphyritio;  also  into  granular  and  concretionary  slaty  masses, 
and  through  them  into  breccias.  The  amorphous  columnar  and 
prismatic  porphyries  are  arranged  in  directions  parallel  to  the  beds 
of  green  slate,  and  pass  themselves  into  a  slaty  texture,  with  m 
strike  and  dip  paralld  to  those  of  the  true  roofing  slate.  No  organie 
remains.    Thickness  at  least  a  thousand  yards. 

Upper  Cambrian  or  Plynlymmon  Bocks. 

This  formation  commences  with  the  dark  limestones  of  Bala 
and  Coniston  Water,  containing  shells  and  corals.  Thickness  in 
Cumberland,  about  a  hundred  feet. 

Wales,  Grauwacke  and  grauwacke  slate,  with  some  beds  of 
conglomerate.    Thickness  probably  several  thousand  yards. 

Cumberland.  Houghill  and  Kentmere  rocks;  a  mass  of  grau- 
wacke in  the  upper  part;  in  the  lower,  alternations  of  grauwacke 
and  grauwacke  slate.     Thickness,  full  a  thousand  yards. 

In  the  Cambrian  district  the  green  slates  and  porphyries, 
answering  to  the  Lower  Cambrian  or  Snowdonian  rocks,  rest  upon  a 
group  at  least  a  thousand  yards  thick,  to  which  Professor  Sedgwick 
has  given  the  name  of  the  Skiddaw  rocks.  It  consists  of  dark  soft 
slates,  destitute  of  fossils,  and  containing,  in  the  lower  part,  crystals 
of  chiastolite,  and  near  the  base,  hornblende.  These  slates  cover  a 
thin  crust  of  mica  slate  and  gneiss,  below  which  is  granite.  This 
chiastolite  group  appears  not  to  be  developed  in  Wales,  unless  it  be 
represented  by  the  chlorite  slate  of  Anglesey,  some  varieties  of 
which  pass  into  mica  slate,  and  others  into  clay  slate. 

Fig.  61,  which  is  a  section  from  the  centre  of  the  Cumbrian  * 
district  to  the  coast  of  Northumberland,  exhibits  the  succession  of 
of  these  different  groups,  and  of  the  more  recent  carboniferous  and 
poikilitic  rocks. 

Similarity  of  the  Cambrian  to  the  Silurian  Strata. 

The  organic  remains  of  the  Cambrian  system  are  as  yet  too 
imperfectly  known  to  admit  of  an  accurate  comparison  of  them  with 
those  of  the  Silurian  rocks.  Some  of  them  differ  specifically,  and 
a  few  are  generically  distinct ;  but  they  do  not  exhibit  a  difference 
proportioned  to  the  long  interval  of  time  which  the  great  thickness 
of  the  Cambrian  deposits  may  be  supposed  to  denote.  The  fossils 
of  the  Silurian  strata  appear  to  be  distinguished  from  them,  not  so 
much  by  a  change  of  type,  as  by  the  greater  developement,  both  as 
to  species  and  individuals,  of  forms  already  existing.  The  rocks  of 
the  two  systems  may,  therefore,  be  regarded  as  having  been  formed 
under  nearly  similar  conditions.    If  we  inquire  what  those  con** 
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ditions   wer6,   it  would  appear    that   the  Cambrian  rocks  were 
deposited  in  an  ocean  destitute  of  any  neighbouring  land;  for  in 
Britain,  if  elsewhere,  no  remains  of  land-plants  have  as  yet  been 
met  with,  the  few  organic  remains  yet  found  being  confined,  as  we , 
have  seen,  to  zoophytes  and  molluscs. 

Igneatu  Bocks,  and  MinercU  Veins,    From  the  abundance  of  pbr-' 
phyry  and  greenstone  alternating  with  the  sedimentary  deposits,  and 
passing  into  them,  volcanic  ejectments  appear  to  have  been  of  fre- 
quent occurrence  during  this  era,  spreading  sheets  of  lava  over  the 
floor  of  the  ocean.     We  have,  however,  from  our  own  observations, 
reason  think  that  some  of  the  porphyries  of  Snowdonia,  are  meta- 
morphic,   if  they  do  not  even  contain  obscure  traces  of  organic 
remains.     The  slate  rocks  have  also  been  pierced  by  dikes  and  intru- 
sive masses  of  igneous  matter.     In  Cornwall,  Cumberland,  Ireland, 
the  south-west  of  Scotland,  and  the  Isle  of  Man,  they  are  in  contact 
with  granite,  which  in  Cumberland  has  sent  ofT  veins  into  the 
incumbent  strata,  and  must  therefore  be  more  recent  than  the  slate.- 
Dikes  of  porphyry,  syenite,  and  greenstone,  have  likewise  penetriited 
through  the  slate,  forming  overlying  masses ;  and  besides  this  local 
igneous  action,  the  whole  body  of  these  rocks  appear  to  have  been 
subject  to  a  more  general  heating  process,  to  which  we  may  attri- 
bute their  subcrystalline  character  and  slaty  cleavage.     Mineral 
veins  are  more  abundant  in  the  lower  part  of  the  series  than  in  the 
upper  part,  and  they  generally  occur  in  the  vicinity  of  igneous  rocks. 
The  slate  district  of  Cumberland  produces  lead,  copper,  iron,  zinc, 
and  manganese ;  that  of  Cornwall,  copper,  lead,  silver,  arsenic,  and 
cobalt;  but  they  are  not  confined  to  the  rocks  of  this  era,  for  Mr.  de 
la  Beche  has  lately  shown,  that,  in  the  vicinity  of  the  granite, 
rich  veins  of  tin  are  worked  in  rocks  of  the  carbonaceous  series. 
Anglesey  is  celebrated  for  the  large  mass  of  copper  found  in  the 
Parys  Mountain,  at  the  junction  of  the  clay  slate  with  the  chlorite 
schist.     Snowdonia  and  Cardiganshire,  yield  copper  and  lead.     The 
slate  rocks  of  the  Hartz  and  Britany,  are  also  rich  in  metala. '   lit 
all  these  districts,  the  productive  veins  range  chiefly  east  and  west^: 
and  are  traversed  by  others,  called  cross  courses,  which  run  north 
and  south,  or  nearly  so. 

Silurian  System. 

This  series  of  rocks,  so  ably  and  elaborately  investigated  by  Mr. 
Murchison,  on  the  Welsh  border,  and  in  South  Wales,  where  it  is 
extensively  developed,  and  where  alone  it  has  yet  been  found  com- 
plete, consists  of  a  succession  of  argillaceous,  arenaceous,  and  calca- 
reous deposits,  which  differ  from  those  of  the  Cambrian  system  in 
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the  foUowiag  puticnlan.  Tbe  argillaceous  rocks  are  len  canaoli- 
dated,  len  afibrted  by  joints  and  datj  cleAvage,  and  that  cml;  locally, 
and  the  Uminn  of  sedimentaiy  deposits  are  more  perfect.  The 
arenaceous  beds  partake  more  of  the  character  of  ordinary  mid- 
stones  than  of  grauwacke;  and  the  calcareous  beds  are  concretioDaiy 
and  snbcrjstalline,  leas  earthy  than  the  more  modem  liraestonea, 
less  crystalline  than  those  of  the  gneiss  and  mica  slate  systems. 
Some  resemble  the  flaggy  Cambrian  limestones,  others  are  more  lik» 
the  carboniferous  limestone.  Considerable  varieties  also  occur  in  the 
argillaceous  and  arenaceous  members  of  the  series,  the  uatare  of 
which  will  appear  from  the  synopsis  of  the  Silnrian  strata,  (p.  207,) 
exhibiting  the  matured  views  at  Mr.  Mnrchison,  on  the  subject  of 
tbe  classification  of  these  rocks.  It  will  be  seen  that  he  has  divided 
them  into  principal  groups,  the  Upper  and  Lower  Silurian,  each 
connsting  of  two  formations,  named  from  Ludlow,  Wenlook, 
Caradoc,  and  Llandeilo,  the  places  where  their  characters  are  beet 
exhibited. 

Organic  lUmaini.    The  fossils  of  the  Silurian  strata  are  more 
noroerons  and  diversified  than  those  of  the  preceding  system.    They 
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consist  chiefly  of  tbe  lower  orders  of  marine  animals,  and  compriee 
about   ninety  species  of  polyparia  or   corals,   and  between  thirty 
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and  forty  of  crinoidea,  both  of  which  are,  for  the  most  part,  distinct 
from  those  of  the  carboniferous  system.     The  shells  at  present 
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hwnm.  eMuiit  of  about  two  Inmdfcd  tpceiM  of  eoiiehifaB  (ttmlns), 
•ist^  of  gBMeropoda  (nniralTa),  «id  ei^tr  of  miliilnwuli  Tbe 
pveniling  gmen  are  Leptanu  (Prodona),  %i.  S4,  ^  6G,  Dd- 
tbjTM  (^irilera),  Onbis,  fifis.  €T,  6&  AtrjrpM,  %.  ( 
Pcntamerii,  fig.  70,  Orbienla,   LininU.  V 
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And  BellerophoD.  Msn^  of  these  genen  are  also  fband  io  the  ou-- 
bonifennu*  limestone,  but  tbe  epecies  are  quite  dutiact.  Th« 
abimdance  and  rariety  of  tbe  cnutaceooB  family  of  trilobitea,  neariy 
all  of  them  distinct  from  those  of  the  carboniferous  sTstem,  is  tiighlj 
characteristic  of  tbe  rocks  of  this  epoch. 
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■  For  AgnrtM  of  the  geneni  Orthooem,  Eaomphilw,  ud  BeUflnmKon.  im  Tht 
rarhoHi/mui  Syttm,  Chap.  XIII. 


Tlie  upper  Luillow  forniatioa  baa  aflbrded  bones,  teeth,  and 
coprolites,  or  fossil  excrement  cf  fishes,  which  are  the  oldest  kaowa 
remaiua  of  mariiio  rertebrated  AniniaU.  A  few  a]gaB  have  beea 
found,  cbiefl/  in  Sweden ;  but  the  ej^ieteuce  of  terrestrial  plants  in 
rocka  of  the  Silurian  era  requires  further  investigation.  The  culmi- 
feroua  rocks  of  Devonsliire,  containing  some  of  the  planta  of  the 
coal  measures,  and  regarded  by  Mr.  De  la  Beche  as  part  of  thi 
Silurian,  if  not  an  older  system,  are  now  generally  admitted  to  ba 
part  of  the  carbontferoua  aeries,  alteiW  by  the  viciutty  of  the  granita 
of  Dartmoor.  The  floriferous  schists,  below  the  culmiferoua  depo- 
sits, appear  referrible  to  the  era  of  tlie  old  red  sandstone,  and  it  is 
possible  that  the  plants  found  in  the  authraciferoua  rocks  of  Baden 
may  bo  of  the  same  age. 

TIio  slate  rocks  of  Devontihire  have  lately  been  the  subject  (^ 
mucli  con  1 10  vers  J',  which  may  now  be  considered  to  have  nearly 
terminated;  both  parties  being  agreed  aa  to  the  order  of  succession, 
though  they  atill  differ  respecting  the  settlement  <^  the  nomenclature. 
Mr.  Do  la  Beche  and  Mr.  Williams  at  first  referred  tlie  whole  of 
the  culmiferoua  beds  to  the  lower  part  of  the  slate  series ;  but  Pro- 
feasor  Sedgwick  and  Mr,  Murchison  have  adduced  reasons  which 
may  be  deemed  concluBive,  for  considering  the  culm  measures  as  (ba 
representatives  of  the  carboniferous  system.  With  respect  to  tlia 
rocks  below  the  coal  measures,  into  which  both  parties  now  admit 
that  they  graduate,  the  opinions  of  Professor  Sedgwick  and  Mr. 
Murchison  have  recently  undergone  a  ccmsiderable  change. 

These  rocks  consist  of  two  calcareous  and  fossiliferous  groups, 
separated  from  each  other  by  deposits  of  vast  thicknesa,  very  little 
calcareous,  and  almost  destitute  of  organic  remains.     These  they 
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referred,  in  1837,  to  the  upper  and  middle  part  of  the  Cambrian 
system,  with  a  slight  developement  in  the  upper  part  of  lower 
Silurian  rocks ;  adding,  however,  that  as  no  fixed  line  of  demarca- 
tion could  be  established  between  the  lower  Silurian  and  upper 
Cambrian,  their  zoological  contents  being  very  similar,  the  place  of 
this  member  of  the  series  must,  for  the  present,  be  considered  provi- 
sional. A  more  extended  examination,  however,  of  the  organic 
remains  of  these  fossiliferous  slates,  has  now  convinced  these  authors 
that  they  are  all  more  recent  than  the  Silurian  strata,  and  that  their 
fossils  constitute  a  natural  group,  intermediate  in  character  between 
the  carboniferous  and  Silurian  systems.  They,  therefore,  now  regard 
the  slates  and  sandstones  below  the  culm  measures  as  an  enormoua 
developement  of  the  old  red  sandstone,  under  a  considerable  devia- 
tion from  its  ordinary  mineral  tjrpe,  a  suggestion  which  originated 
with  Mr.  Lonsdale;  and  they  propose  the  term  "  Devonian  system** 
for  a  group  including  the  old  red  sandstone,  constituting  a  zoologi- 
cal passage  from  the  upper  Silurian  into  the  carboniferous  system. 

Mr.  De  la  Beche,  in  his  recently  published  map  of  Devonshire 
and  Cornwall,  has  substantially  adopted  these  divisions,  applying  to 
the  culm  measures  the  provisional  name  of  Carbonaceous  series,  and 
to  the  fossiliferous  slates  of  Devon  and  Cornwall  that  of  Grauwacke. 
Mr.  Greenough,  in  his  new  edition  of  his  geological  map  of  England 
and  Wales,  follows,  in  Devonshire  and  Cornwall,  nearly  the  same 
boundaries  and  order  of  succession  as  Messrs.  De  la  Beche,  Sedg- 
wick, and  Murchison,  adopting  from  the  former  the  name  of  Carbo- 
naceous series  for  the  culm  measures,  but  substituting  the  term 
Upper  killas  for  the  Devonian  system  of  Sedgwick  and  Murchison, 
and  Lower  killas  for  the  slates  inferior  to  the  Silurian,  which  they 
have  named  Cambrian. 

Similarity  of  the  CamMan  and  Silurian  Systems. 

The  marine  remains  of  the  Silurian  strata  are  decidedly  distinct 
from  those  of  the  carboniferous  system.  Their  analogy  to  those  of 
the  Cambrian  system,  as  far  as  the  latter  are  yet  known,  has  already 
been  mentioned  as  rendering  it  probable  that  the  deposits  of  the  two 
eras  took  place  under  physical  conditions  not  very  different,  except 
that  during  the  formation  of  the  newer  rocks  they  became  more 
favourable  to  the  support  of  animal  life.  One  of  these  changes  of 
condition  may  have  been  the  diminution  of  the  internal  heat  of  the 
globe,  which  appears  to  have  impressed  the  slaty  cleavage  so  generally 
upon  the  rocks  of  the  older  system.  If,  on  further  investigation,  it 
shall  appear  that  land  plants  are  inclosed  in  true  Silurian  rocks, 
another  of  these  altered  conditions  may  have  been  the  rise  of  land. 
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perhaps  as  small  islands  in  parts  of  the  Silurian  ocean,  for  ho  traces 
of  terrestrial  exuvise,  which  become  so  abundant  in  the  system  im- 
mediately above  the  Silurian,  have  been  detected  in  Britain  in  that 
immediately  below  it. 

Geographical  Bxtefit  *. 

A  zone  of  Silurian  rocks,  curved  first  to  the  south,  then  to  the 
south-west,  and  lastly  to  the  west,  extends  from  the  Little  Orme's 
Head  to  St.  Bride's  Bay.  They  skirt  both  sides  of  the  Vale  of 
Clwyd,  and  extending  southwards  by  Llangollen,  and  expanding 
over  the  Valley  of  the  Severn,  border  on  the  south  the  coal  fields  of 
the  Plain  of  Shrewsbury.  From  Wellington,  by  Knighton,  Builth, 
Llandovery,  Llangadock,  and  Llandeilo,  to  the  mouth  of  the  Towey, 
a  distance  of  about  100  miles,  the  prevailing  strike  of  all  the  forma- 
tions is  s.w.  and  n.e.  ;  it  then  turns  westward,  and  continues  with 
a  diminished  breadth  by  Caermarthen  and  Haverfordwest  to  St. 
Bride'^s  Bav. 

The  great  expansion  of  these  rocks  between  Wenlock  Edge  and 
the  River  Vierniew,  in  Montgomeryshire,  to  the  north-west  of  the 
regular  line  of  bearing  on  the  confines  of  Shropshire  and  Hereford, 
as  indicated  by  the  junction  of  the  Ludlow  formation  with  the  old 
red  sandstone,  arises  from  the  folding  over  and  repetition  of  rocks  of 
the  same  age.  These  reduplications  are  occasioned  by  numerous 
minor  axes  of  elevation  parallel  to  each  other,  subordinate  to  tho 
great  line  of  disturbance,  and  marked  in  general  by  eruptive  masses 
of  trap,  which  tilt  the  strata  on  their  flanks  both  to  the  north-west 
and  south-east.  On  the  other  hand,  whenever  the  longitudinal 
influence  of  these  short  outbursts  has  ceased,  the  Ludlow  formation 
alone  is  spread  out  in  undulating  masses,  as  in  the  Forests  of  Clun, 
Knuckless,  and  Radnor,  and  upon  its  surface  are  frequently  seen 
detached  and  elevated  basins  of  old  red  sandstone. 

In  Shropshire,  the  different  formations  occupy  distinct  ridges 
and  valleys,  and  in  their  prolongation  to  the  south-west  the  upper 
Ludlow  rock  is  uniformly  persistent ;  but  in  Brecknockshire  and 
Caermarthenshire,  from  the  rapid  thinning  out  of  all  the  formations 
in  their  course  to  the  west,  and  the  general  absence  of  the  calcareous 
members,  it  is  only  in  certain  places  that  these  subdivisions  can  be 
established  ;  and  the  great  fossiliferous  system,  which  in  Shropshire, 
Hereford,  and  Radnor,  is  expanded  over  so  wide  an  area,  becomes 
compressed  into  a  narrow  zone  between  the  old  red  sandstone  and 
the  upper  Cambrian  slate  rocks. 

*  CoDSult  MuiiCHi80N*8  Silurian  System  and  Prceeedingto/Geol,  Soe, 
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On  the  eastora  side  of  that  undulating  mats  of  old  red  sandstone, 
which  occupies  such  an  extensive  area  in  South  Salop,  Hereford, 
Brecknock,  and  Monmouthshire,  the  Silurian  strata  emerge  from 
beneath  it  in  the  Abberley  Hills,  and  on  the  flanks  of  the  Malvems, 
also  near  Usk,  in  Monmouthshire,  in  the  Woolhope  valley  of  ele- 
vation, and  in  May  and  Huntley  Hills,  in  Gloucestershire;  the 
Ludlow  and  Wenlock  formations  being  the  most  persistent,  and 
usually  occupying,  as  in  Shropshire,  two  distinct  ridges,  though  on 
a  smaller  scale.  The  mean  direction  of  the  strata  on  this  eastern 
side  of  the  old  red  sandstone  is  north  and  south,  but  subject  to  many 
local  variations,  curvatures,  and  faults. 

Dudley  Castle  Hill,  Sedgeley,  and  the  Wren's  Nest,  are  com- 
posed  of  Silurian  rocks,  rising  in  the  midst  of  the  South  Stafford- 
shire coal  field,  in  short  and  narrow  anticlinal  ridges,  which  range 
north  and  south,  the  coal  strata  resting  against  them  at  a  consider- 
able angle. 

Professor  Phillips  has  found  traces  of  the  upper  Ludlow  rocks 
near  Kirby  Lonsdale,  in  Westmorland,  and  of  the  lower  Ludlow 
in  Ribblesdale,  in  Yorkshire.  Silurian  strata  are  supposed  lo 
accompany  the  Cambrian  rocks  in  the  clay-slate  districts  of  Ireland, 
but  the  boundaries  of  the  two  systems  in  that  country  have  not  yet 
been  determined.  On  the  continent  of  Europe  fossils  of  this  era  are 
found  at  Christiana  in  Sweden,  in  the  Eifel,  the  Hartz,  and  Britany. 
Mr.  Strickland  describes  them  as  occurring  on  the  shores  of  the 
Bosphorus.  In  North  America  they  have  been  observed  on  the 
borders  of  Lakes  Huron  and  Superior. 

Igneous  Rocks. 

The  Silurian  strata  of  the  Welsh  border  have  been  extensively 
penetrated  by  numerous  eruptions  of  igneous  matter,  forming  the 
axes  of  ranges  of  hills  which  rise  from  200  to  300  feet  above  the 
sea  level  (the  prevailing  strike  being  n.e.  and  s.w.),  such  as,  in 
Shropshire  and  Montgomeryshire,  the  Wrekin  and  Lilleshall  Hills, 
Caer  Caradoc,  the  Longmynd,  and  Haughmond  Hills,  the  mining 
district  of  Shelve^  the  Stiper  Stones  (a  remarkable  serrated  ridge 
of  metamorphic  quartz  rock),  and  the  Breiddin  Hills ;  in  Radnor- 
shire, the  group  of  old  Radnor,  with  the  Llandrindod  and  Builth 
group;  several  of  the  hills  of  Brecknockshire  and  Caermarthen- 
shire;  and  the  Abberley  and  Malvern  Hills,  in  Worcestershire. 
The  trap  rocks  are  of  a  very  variable  character,  passing  by  insen- 
sible gradations  into  one  another.  In  the  Wrekin  and  Lilleshall 
Hills,  compact  felspar  prevails;  in  Caer  Caradoc  many  varieties 
of  felspar  rock,  syenite,  and  greenstone,  also  amygdaloid  containing 
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actinolite ;  the  Longmynd  and  Haughmond  Hills  afford  varieties  of 
greenstone,  porphyry,  and  amygdaloid ;  the  mining  district  of  Shelve, 
greenstone,  compact  felspar,  concretionary  felspar,  and  amygdaloid ; 
the  Breiddin  Hills,  porphyries,  greenstones,  and  much  concretionary 
rock.  The  old  Radnor  group  is  distinguished  from  the  others  by 
hypersthene  passing  into  fine-grained  greenstone.  The  Llandrindod 
and  Builth  group,  and  the  trappean  hills  of  Brecknockshire,  contain 
greenstone,  porphyries,  and  compact  felspar.  The  Malverns  and 
Abberley  Hills  consist  chiefly  of  syenitic  rocks. 

These  trappean  masses  have  occasioned  great  alterations  in  the 
sedimentary  rocks  with  which  they  are  in  contact.  Sandstones  of 
the  Caradoc  formation  are  converted  into  quartz  rock,  shales  are 
indurated  and  changed  to  the  state  of  Lydian  stone,  limestone 
becomes  crystalline,  calcareous  flags  are  changed  into  a  substance 
resembling  white  porcelain,  coatings  and  nests  of  anthracite  are 
generated,  and  also  minute  veins  of  the  sulphurets  of  copper,  iron, 
and  lead,  carbonate  of  lime,  and  sulphate  and  carbonate  of  baryta. 
Where  the  trap  rocks  traverse  calcareous  strata,  imperfect  serpentine 
sometimes  occurs  near  the  point  of  contact.  In  the  Malvern  Hills 
grauwacke  strata  assume  the  characters  of  chlorite  and  mica  schist, 
and  others  that  have  not  been  altered  have  been  thrown  into  a 
retroverted  position  by  the  igneous  rocks. 

Mineral  springs  occur  along  many  of  these  axes  of  elevation,  and 
in  the  mining  districts  of  Shelve,  and  in  the  vicinity  of  Llandovery, 
the  ores  of  lead  appear  to  be  associated  with  and  dependent  on  the 
presence  of  the  igneous  rocks;  a  fact  in  accordance  with  the  general 
theory  of  M.  Necker  on  this  subject,  and  an  example,  on  a  small 
scale,  of  phenomena  which  occur  more  extensively  in  the  Cambrian 
rocks  of  Cumberland  and  Snowdonia,  and  in  most  other  mineral 
regions. 

Besides  these  masses  of  igneous  matter  which  have  burst  through 
the  Silurian  deposits,  producing  great  derangement,  fracture,  and 
alteration  in  the  beds  which  they  traverse,  there  are  indications  of 
igneous  action  contemporaneous  with  the  formation  of  the  strata. 
Beds,  interstratified  with  the  sedimentary  deposits,  are  found  in  a 
variety  of  places  enumerated  by  Mr.  Murchison,  which,  although 
aggregates  of  compact  felspar  with  a  concretionary  structure,  contain 
organic  remains;  others  graduate  into  a  class  of  rocks  containing 
organic  remains  imbedded  in  a  base  of  true  volcanic  matter.  These, 
to  which  he  has  given  the  name  of  Volcanic  sandstone,  appear  to  be 
sedimentary  deposits,  composed  of  ashes  of  different  degrees  of  fineness, 
given  off  during  submarine  volcanic  eruptions.  These  conformable 
alternations  of  trap  with  sedimentary  rocks,  afford  analogies  to  the 
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repetitions  of  volcanic  ejectments  and  marine  deposits  whicl 
now  taking  place  in  the  bed  of  the  sea,  and  they  explain  the  nu 
in  which  much  of  the  porphyry  and  greenstone  slate  of  the 
Cambrian  system  was  arranged  in  parallel  beds  among  the 
mentary  accumulations  of  that  epoch. 


CHAPTER  XIl. 
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General  ekaracteri. — Formatiom — old  red  tandttone  (Devt 
tyttem) — carboniferous  limeitone — ite  tubditieioni — nortAert 
KOthern  typet — coal  formation — extent  of  old  red  tandstom 
carboniferoui  limestone  in  Great  Britain. — Coal  feldi  of 
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CARBONIFEHOUS  SVSTEM. 
Sj/nongmi.  1.  Old  red  sandatouc,  EngliaU  authors.  Gres  rouge  intemi* 
FreDch.  Jikngrret  gTattwackcngthirgt,  German.  3-  CarboniferoiiB  limet 
Mountain  limcHtone ;  Eticriiial  limestone,  English  authors.  Co/coir*  cation 
Calaan  anlhrari/ert ;  Calcairt  de  Irantiliim,  Freucli.  3.  Cml  mensureSi  E) 
authors.      Terrain  htmUler,  French.     Sleinkohlert-gcbirgr,  German. 

General  Characters. 
We  have  now  reached,  in  the  ascending  order,  the  base  oi 
carboniferous  system,  one  of  the  moBt  interesting  groups  of  r 
presented  to  our  consideration,  whether  we  regard  its  econon 
importance  or  the  abundance  of  its  organic  remains,  and  the  cui 
views  which  they  disclose  respecting  the  physical  condition  of  t 
northern  regions  during  its  formation. 
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This  system  is  of  great  thickness,  extending  m  its  fullest 
clevelopement  to  about  7000  feet,  exclusive  of  the  old  red  sandstone, 
and  exhibiting  throughout  the  strongest  proofs  of  slow  and  succes- 
sive deposit,  in  the  abundance  and  perfect  condition  of  its  fossils,  in 
the  repeated  alternations  of  strata  of  different  mineral  composition, 
and  in  the  bedded  and  laminated  structure  of  its  component 
members. 

Rocks  of  this  series  are  extensively  but  irregularly  distributed 
over  the  northern  regions  of  Europe,  and  also  over  North  America 
and  Australia.  Small  patches  occur  in  Belgium,  France,  Germany, 
Poland,  and  Russia.  They  occupy  large  areas  in  Ireland  and  the 
south  of  Scotland;  but  valuable  beds  of  coal  are  nowhere  so  largely 
developed  as  in  England  and  Wales,  where  the  rich  deposits  of  that 
mineral,  with  its  accompanying  ironstone,  contribute  so  much  to  the 
commercial  prosperity  and  political  power  of  Britain. 

The  carboniferous  group  is  generally  found  in  detached  masses 
on  the  sides  of  mountains  of  older  rocks  previously  elevated ;  but 
there  are  cases  where  this  discordant  position  is  not  met  with,  but  a 
gradual  passage  is  observable  from  the  upper  members  of  the  Silurian 
group  into  the  lower  part  of  the  carboniferous  system,  and  it  may 
be  expected,  as  we  have  already  hinted,  that,  as  the  examination  of 
the  grauwacke  series  proceeds,  a  complete  zoological  passage  will  be 
established  from  that  group  into  the  carboniferous. 

In  England,  where  the  old  red  sandstone  is  in  general  uncon- 
formable to  the  slates,  and  conformable  to  the  carboniferous  lime- 
stone, it  has  long  been  regarded  as  the  lowest  member  of  the 
carboniferous  series ;  on  the  continent,  where  it  is  of  rare  occurrence, 
and  then  accordant  in  position  to  the  slates,  it  is  classed  as  the 
upper  part  of  the  grauwacke  or  transition  series;  and  from  recent 
discoveries,  it  appears  that  this  is  the  true  arrangement.  Its  organic 
remains  only  occur  locally,  and  were  till  of  late  little  known;  but 
as  our  knowledge  of  these  was  extended,  chiefly  through  the  labouirs 
of  Mr.  Murchison,  it  became  evident  that  they  constituted  a  group 
distinct  from  the  fossils  both  of  the  carboniferous  and  Silurian  eras, 
and  the  more  recent  researches  of  that  geologist  and  Professor  Sedg^ 
wick  have  rendered  it  highly  probable,  that  the  old  red  sandstone  is 
in  reality  the  abnormal  representative  of  a  large  group  of  slates  and 
sandstones  with  courses  of  limestone  which  connect  zoologically  the 
Silurian  and  carboniferous  rocks,  and  are  as  much  entitled  to  the 
rank  of  a  system  as  either  of  them.  For  this  group  they  have  pro- 
posed the  name  of  Devonian  system.  At  the  same  time,  until  the 
views  of  these  authors  shall  be  fully  matured  by  the  examination 
which  they  have  undertaken  of  the  transition  rocks  of  Continental 
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Europe,  and  till  they  shall  have  received  the  sanction  of  the  majority 
of  geologists  and  of  time,  it  does  not  appear  desirable  in  an  elemen- 
tary work  to  depart  from  the  established  arrangement,  howerer 
imperfect,  in  favonr  of  a  new  classification  and  nomenclature  which 
may  perhaps  yet  require  modification. 

The  name  by  which  these  rocks  shall  be  designated  is  not  of 
much  importance,  so  that  it  be  one  that  shall  be  generally  adopted. 
The  term  Grauwacke  series  having  been  established,  upper,  middle, 
and  lower  grauwaoke  would  perhaps  have  been  the  best  names  for 
the  three  groups  into  which  it  now  appears  that  the  transition  rocks 
of  Werner  are  divisible;  but,  since  the  terms  Cambrian  and  Silurian 
have  been  introduced  into  the  science  for  two  portions  of  the 
series,  and  have  acquired  considerable  currency,  consistency  seems 
to  require  that  the  third  group  should  receive  a  name  derived  from 
some  locality,  whatever  it  may  be,  which  shall  be  found  to  afford 
the  best  type  of  it. 

Preparing  the  student  then  for  the  intercalation  of  a  new  system 
of  rocks  between  the  carboniferous  and  Silurian,  we  shall  not  for  the 
present  attempt  to  remove  the  old  red  sandstone  from  the  carboni* 
ferous  group  with  which  it  has  been  so  long  associated. 

FoRMATlONa. 

Arenaceous,  argillaceous,  and  calcareous  rocks  form  the  mass  of 
the  series,  associated  with  beds  of  coal,  ironstone,  and  chert.  It 
may  be  divideil  into  three  formations,  so  long  at  least  as  the  old  red 
sandstone  is  classed  with  it,  possessin<^  general  peculiarities  of 
mineral  structure,  but  exhibiting  in  detail  many  local  variations. 

These  formations,  beginning  with  the  lowest,  are, — 

I.  The  Old  Red  Sandstone^  consisting  chiefly  of  arenaceous 
deposits,  but  alternating  occasionally  with  shales  and  limestones. 
The  organic  remains,  which  however  are  rare,  consist  of  plants, 
marine  shells,  and  fishes.     Thickness,  300  to  10,000  feet. 

II.  The  Carboniferous  Limestone.  A  great  mass  of  limestone, 
sometimes  alternating  with  beds  of  shale  and  sandstone,  and  con- 
taining beds  of  coal.  Fossils  wholly  marine.  Thickness,  900  to 
2400  feet. 

III.  The  Coal  Formation,  composed  of  numerous  alternations  of 
coal,  sandstone,  and  shale,  accompanied  sometimes  by  beds  of  iron- 
stone. The  fossils  consist  chiefly  of  remains  of  vegetables.  The 
shells  are,  for  the  most  part,  those  of  the  sea,  but  mixed  with  a  few 
analogous  to  the  freshwater  genus  unio,  which  may  have  been 
deposited  in  estuaries  or  at  the  mouths  of  rivers.  Thickness,  600 
to  8000  feet. 
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I.  The  Old  Red  Sandstone* 

This  rock  varies  considerably  in  its  characters.  Its  most  distin- 
guishing features  are  the  absence  of  coal,  the  scarcity  of  calcareous 
strata,  and  its  colour,  which  is  usually  iron-red,  dark-brown,  or  gray, 
changing  to  red.  Except  in  this  last  respect  it  bears  a  close  resem- 
blance to  the  millstone  grit,  and  may  be  regarded  as  the  lowest 
member  of  a  long  series  of  arenaceous  deposits.  From  the  new  red 
sandstone  above  the  coal  measures,  which  constitutes  the  upper 
member  of  this  arenaceous  series,  it  is  not  easily  distinguished 
mineralogically,  except  by  its  greater  consolidation. 

The  most  common  form  of  the  old  red  sandstone  is  that  of  a 
coarse-grained  micaceous  sandstone,  composed  of  abraded  fragments 
of  quartz,  mica,  and  felspar,  and  containing  fVagments  of  clay  slate, 
flinty  slate,  &;c.  It  sometimes  passes  into  a  coarse  quartzose  con« 
glomerate,  and,  on  the  other  hand,  in  its  lower  regions,  it  occa- 
sionally becomes  a  fine-grained  and  schistose  micaceous  sandstone, 
divisible  into  flags  and  coarse  roofing  slates,  in  planes  parallel  to  the 
laminas  of  stratification.  Sometimes,  also,  it  alternates  with  thin 
beds  of  concretionary  limestone  and  with  argillaceous  strata,  both  soft 
and  indurated. 

The  old  red  sandstone,  as  well  as  the  carboniferous  limestone,  is 
occasionally  absent,  and  the  coal  measures  rest  immediately  on  older 
rocks,  on  the  Silurian  strata  for  instance,  in  the  district  of  Dudley, 
and  on  mica  slate  and  granite,  in  Central  France. 

On  the  confines  of  Wales  the  old  red  sandstone  becomes  a  com- 
plex deposit,  composed  of  argillaceous,  siliceous,  and  calcareous 
alternations,  conformable  to  and  graduating  into  the  Silurian  rocks. 

The  following  subdivisions  have  been  established  by  Mr.  Mur- 
chison,  in  Herefordshire  and  the  adjoining  counties,  in  the  descending 
order.     The  total  thickness  he  estimates  at  10,000  feet. 

1.  Red  quartzose  conglomerate,  overlying  thick-bedded  sand^ 
stone,  and  passing  downwards  into  chocolate-red  and  green  sand- 
stones and  marl.     No  fossils. 

2.  Cornstone  and  marl,  impure  concretionary  limestones,  with 
mottled-red  and  green  argillaceous  marls  and  sandstone.  Remains 
of  fishes  of  the  genus  cephalaspis  and  onohus. 

3.  Tilestone,  laminated,  hard,  reddish  or  green,  micaceous  or 
quartzose  sandstones.     Remains  of  molluscs  and  fishes. 

On  the  borders  of  the  mountain  districts  of  Cumberland  and 
Scotland  the  old  red  sandstone  chiefly  appears  under  the  form  of 
large  masses  of  coarse  conglomerate,  composed  of  fragments  derived 
from  the  older  rooks  of  the  immediate  vicinity.    On  the  northern 
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and  eastern  coasts  of  Caithness  these  conglomerates  are  developed 
on  an  enormous  scale,  and  form  a  complex  group,  consisting,  in  the 
upper  part,  of 

1.  Red,  brown,  and  variegated  sandstones. 

2.  A  great  formation,  composed  of  alternations  of  sandstone, 
siliceous  and  calcareous,  siliceous  schist  and  flagstones,  dark  foliated 
bituminous  limestone  and  schist.     Fishes  in  abundance. 

3.  Conglomerates,  containing  subordinate  masses  of  red  sand- 
stone, red  marl,  and  calcareo-siliceous  flagstone.  On  the  southern 
shores  of  the  Murray  Frith  these  bituminous  schists  are  in  some 
degree  replaced  by  concretionary  limestones,  resembling  the  corn- 
stone  of  Herefordshire. 

On  the  coast  of  Forfarshire,  where  the  old  red  sandstone  attains 
a  thickness  of  many  thousand  feet,  it  exhibits  a  series  somewhat 
similar  to  that  of  Herefordshire  : — 

1.  Red  and  mottled  marls,  cornstone,  and  sandstone. 

2.  Conglomerate  of  great  thickness. 

3.  Highly  micaceous  and  slightly  calcareous  tilestones  and 
paving-stone.     Fishes  of  the  genus  cephalaspis. 

II.  The  Carboniferous  Limestone  Formation. 

No  part  of  Europe  affords  so  large  an  extent,  and  so  complete  a 
series  of  this  group,  as  the  British  Islands.  It  is  best  studied  in 
the  escarpments  of  the  Great  Penine  chain,  which  ranges  down  the 
centre  of  England  from  the  Scotch  border  to  the  banks  of  the  Trent. 
It  is  seen  in  that  chain  under  two  different  characters,  indicating 
the  changing  conditions  of  sea  and  land  during  its  deposition. 

These  may  be  called  its  northern  and  southern  types ;  to  the 
one  or  the  other  of  which  different  portions  of  this  formation,  in 
England,  Scotland,  Ireland,  and  on  the  continent  of  Europe,  may 
be  referred.  To  the  southern  type  belong  the  carboniferous  lime* 
stone  of  South  Wales,  Derbyshire,  and  South  Yorkshire.  In  this, 
its  most  simple  form,  it  consists  of  three  members,  included  between 
the  old  red  sandstone,  (when  that  rock  is  present,)  and  the  coi^ 
formation. 

These  three  members,  beginning  with  the  lowest,  are, — 

1.  The  Carboniferous  Limestone^  a  great  calcareous  mass,  almost 
wholly  free  from  alternations  of  shale  and  sandstone;  in  colour 
usually  gray,  varying  from  nearly  white  to  black,  sometimes  yel- 
lowish or  blue;  in  texture  compact,  and  traversed  by  veins  of 
calcareous  spar.  It  is  also  granular  and  crystalline,  aflbrding  good 
marble ;  sometimes,  though  rarely,  oolitic.  When  pure,  it  contains 
per  cent,  of  carbonate  of  lime ;  Lut  passes,  by  admixture  of  other 
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substances,  into  magnesian,  ferruginous,  and  bituminous  limestone. 
It  is  in  some  places  destitute  of  organic  remains,  in  others  almost 
wholly  composed  of  them ;  containing  stems  of  en- 
crinites  in  such  abundance  as  to  have  obtained  the         )&^A     75 
name  of  encrinal  limestone.     One  of  its  character- 
istics  is  the  prevalence  of  caverns,   fissures,   and 
subterranean  rivers,  particularly  in  its  thick-bedded 
lower  part. 

2.  Great  ar  Limestone  Shale.  A  thick  mass 
of  bituminous  shale,  containing,  locally,  bands  of 
black  limestone  and  nodules  of  ironstone. 

3.  Millstone  Grit.  A  quartzose  sandstone,  con- 
sisting of  particles  of  various  sizes,  often  sufficiently 
large  to  impart  to  it  the  character  of  a  conglome- 
rate. In  its  more  complex  form,  the  sandstone 
occurs  in  one,  two,  or  three  masses,  with  shalea^  and 
thin  beds  of  coal  of  indifferent  quality. 

Southern  Type.  Of  these  three  terms,  then,  the 
carboniferous  limestone  formation  consists  in  South 
Wales,  Derbyshire,  and  Yorkshire ;  and  in  these 
three  localities  they  agree  in  containing  no  work- 
able beds  of  coal,  which  are  exclusive]^  confined 
to  the  alternations  of  shale  and  sandstone,  sur- 
mounting the  millstone  grit.  They  differ  in  the 
following  particulars:  In  South  Wales,  where 
the  old  red  sandstone  below  them  is  so  largely 
developed,  the  millstone  grit  and  limestone  shale 
are  comparatively  thin.  In  Derbyshire,  where  the 
old  red  sandstone  is  almost,  if  not  wholly  absent, 
the  millstone  grit  group  becomes  of  a  greater  thick- 
ness and  more  complex  character;  and  the  lime- 
stone .  shale  contains  subordinate  masses  of  a  pecu- 
liar, thin-bedded,  and  somewhat  argillaceous  lime- 
stone, but  no  coal.  In  South  Yorkshire  the  deposits 
of  the  carboniferous  limestone  formation  greatly 
resemble  those  of  Derbyshire,  except  that  the  millstone  grit  becomes 
more  complicated  with  alternations  of  shale  and  sandstone,  and. con- 
tains a  few  thin  seams  of  coal.  The  limestone  likewise,  hitherto  an 
undivided  mass,  begins  to  show  some  slight  alternations  of  shale. 

Northern  Type.  North  of  a  line  drawn  from  Jerveaux  Abbey 
on  the  Yore,  by  Kettlewell  and  Malham  to  Lancaster,  the  members 
of  the  carboniferous  limestone  formation  assume  their  northern  type; 
characterized  by  the  calcareous  portion  being  divided  by  alternations 
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of  shale  and  tandstone,  and  by  the  occurrence  of  beds  of  workable 
coal  below  as  well  as  above  the  millstone  grit, — the  coal  gradually 
descending  in  the  series  as  we  proceed  northwards. 

First,  the  great  shale  and  the  upper  part  of  the  limestone  pass 
into  each  other,  and  form  a  complex  deposit,  in  which  five  groups 
of  limestone  strata,  remarkable  for  their  continuity  and  thickness, 
alternate  with  masses  of  sandstone,  containing  impressions  of  coal 
plants,  and  with  three  or  four  beds  of  coal,  which  are  worked  for 
home  consumption.  To  this  group.  Professor  Phillips  has  given 
the  name  of  the  Yoredale  rocks. 

The  lower,  or  great  scar  limestone  of  Sedgwick  and  Phillips, 
next  becomes  divided  in  a  similar  manner.  In  its  escarpments  in 
Yorkshire,  as  far  north  as  Ingleborough,  it  manifests  no  traces  of 
arenaceous  or  argillaceous  alternations,  agreeing  in  this  respect  vrith 
its  sections  as  seen  in  Derbyshire ;  but  in  its  further  range  north- 
wards from  Stainmoor,  through  Cross  Fell,  to  the  borders  of 
Northumberland,  its  upper  part  becomes  divided  by  thick  masses  of 
sandstone  and  carbonaceous  shale,  till  it  gradually  passes  into  a 
complex  deposit,  undistinguishable  from  the  rocks  of  the  Yoredale 
series.  The  coal  beds  of  that  series  become  at  the  same  time  more 
largely  developed ;  some  of  them,  on  the  northern  border,  attaining 
a  thickness  of  four  feet,  and  being  worked  to  a  considerable  extent. 
Further  north,  the  sandstones  and  shales,  alternating  with  the 
limestone,  expand  more  and  more,  the  calcareous  strata  at  the  same 
time  becoming  thinner ;  so  that  from  Bewcastle  Forest,  along  the 
skirts  of  the  Cheviots  and  the  valley  of  the  Tweed,  the  carboniferous 
limestone  loses  all  its  original  southern  features,  and  assumes  that  of 
a  coal  formation,  the  seams  of  coa  1 1  kening  with  the  increase  of 
sandstone  and  shale,  till,  in  the  valley  of  the  Tweed,  there  is, 
almost  on  the  parallel  of  the  great  scar  limestone,  a  coal  field,  with 
five  or  six  seams  of  workable  coal,  wrought  not  only  to  supply  a 
local  demand,  but  for  shipment  to  the  metropolis. 

This  graduation  of  the  limestone  upwards  into  the  coal  forma- 
tion, is  accompanied  by  a  similar  graduation  downwards  into  the  old 
red  sandstone  ;  for  alternations  of  limestone  with  beds  of  shale  and 
sandstone,  all  tinged  red  by  oxide  of  iron,  take  place  in  its  lower 
part.  There  is  not,  however,  that  complete  passage  into  the  old 
red  sandstone  which  is  seen  in  Herefordshire ;  for  on  the  Scotch 
border,  and  the  flanks  of  the  Cheviots,  and  of  the  Cumbrian  moun- 
tains, that  rock  occurs  chiefly  under  the  form  of  the  coarse  conglo- 
merates already  noticed,  composed  of  the  detritus  of  the  neighbour^ 
ing  mountains.  Pebbles  and  boulders  derived  from  the  same  source 
occur  in  the  lower  part  of  the  limestone. 
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The  importance  of  the  diffusion  of  coal  and  vegetable  remaini, 
through  tlie  inferior  as  well  as  upper  members  of  the  carboniferous 
system  of  the  north  of  England,  in  explaining  the  source  from  which 
the  coal  strata  were  derived,  and  the  changes  which  have  taken 
place  in  the  distribution  of  land  and  sea  during  their  formation,  will 
be  hereafter  adverted  to. 

III.  The  Coal  Formation, 

The  coal  formation,  or  upper  part  of  the  carboniferous  system, 
consists  of  alternations,  frequently  and  indefinitely  repeated,  of  argil- 
laceous and  arenaceous  strata,  with  many  beds  of  coal  and  some 
ironstone. 

Coal,  which  consists  principally  of  carbon,  and  affords  evidence 
of  being  composed  of  accumulations  of  vegetable  matter,  is  distin- 
guished into  three  kinds,  according  to  the  proportion  of  bitumen 
contained  in  it. 

1 .  Caking  coal  contains  about  40  per  cent,  of  bitumen  ;  it  swells 
and  agglutinates  in  burning,  emitting  much  smoke,  which  inflames 
at  a  sufficiently  high  temperature.  Most  of  the  coal  of  Northum- 
berland and  Durham  is  of  this  description. 

2.  Cannel  or  Parrot  coal  contains  20  per  cent,  of  bitumen,  in- 
flames readily,  decrepitates  in  burning,  and  does  not  agglutinate. 
It  prevails  in  Lancashire  and  in  Scotland. 

S.  Stone  eoaly  culm,  or  anthracite,  is  composed  almost  entirely 
of  carbon  and  earthy  matter,  with  scarcely  any  bitumen.  It  burns 
with  little  or  no  flame,  and  does  not  agglutinate.  The  coal  of 
South  Wales  and  Kilkenny  is  of  this  kind.  The  arenaceous  and 
argillaceous  beds  interst ratified  with  the  coal  are  known  in  tii0 
coJlierias  by  various  local  names.  The  following  are  those  in  most 
general  use : — 

Cfritf  a  coarse  sandstone  on  conglomerate. 

Freestone^  a  sandstone  of  a  loose  open  texture. 

Hazle^  a  compact  close  sandstone. 

Caliiard^  a  fine-grained  compact  sandstone. 

Flagstone^  a  sandstone  laminated  by  mica  or  carboniferous 
matter. 

These  are  of  various  colours,  white,  brown,  gray,  greenish, 
yellow,  or  red,  and  yield  whetstones  and  grindstones,  as  well  as 
paving  and  building  stones. 

The  argillaceous  strata,  when  much  laminated,  are  known  by 
the  names  otplatey  when  less  so  by  that  of  akale,  when  unlaminated 
iixey  are  called  clunch  or  bind;  they  are  usually  bituminous,  and 
their  prevailing  colour  is  black,  or  various  shades  of  blue  or  gray. 
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In  the  Northumberland  coal  fields  post  is  the  general  name  for 
sandstones  or  grits,  and  metal  for  shales,  which,  when  indurated,  are 
called  stone  metal. 

Ironstone  occurs  among  the  strata  of  the  coal  formation  as  a 
carbonate  of  iron  mixed  with  clay,  both  in  continuous  beds  and  as 
irregular  layers  or  nodules,  the  latter  frequently  formed  round 
organic  bodies.  It  yields,  on  an  average,  about  30  per  cent,  of  iron ; 
it  frequently  exhibits  a  singular  concretionary  structure,  known  as 
"  cone  in  cone,^'  or  conical  ironstone. 

The  total  thickness  of  coal  in  the  coal  fields  of  Great  Britain  nr 
forty-five  to  sixty  feet,  in  more  than  twenty  beds,  varying  in  thick* 
ness  from  a  few  inches  to  two  yards  and  more,  but  all  these  seams 
cannot  be  regarded  as  continuous  over  an  entire  coal  field,  some  of 
them  arising  from  the  splitting  or  division  of  larger  seams,  by  the 
interposition  of  argillaceous  and  arenaceous  strata ;  and  the  distance 
of  a  mile  or  two  often  exhibits  great  changes  in  the  number  and 
quality  of  the  seams — a  fact  of  considerable  theoretical  importance 
in  estimating  the  circumstances  under  which  the  coal  strata  were 
deposited. 

Geographical  Extent  of  Carboniferous  Rocks, 

In  describing  the  superficial  extent  of  the  rocks  of  the  carboni- 
niferous  system  in  the  British  Islands,  we  shall  first  trace  the  range 
of  the  lower  members  of  the  series,  namely,  the  old  red  sandstone 
and  carboniferous  limestone,  in  Scotland  and  England,  and  then 
proceed  to  the  detached  coal  fields  surmounting  the  millstone  grit ; 
noticing,  lastly,  the  distribution  of  the  entire  carboniferous  series  in 
Ireland. 

Old  red  conglomerates  skirt  the  western  coast  of  Scotland, 
appearing  in  the  Isles  of  Rum  and  Skie,  and  on  the  mainland  at 
at  Applecross,  and  extend  in  interrupted  patches  to  Cape  Wrath 
and  Port  Skerry.  From  the  latter  place  they  expand  over  the 
interior,  rising  into  a  mountain  range,  which  is  continued  to  the  Ord 
of  Caithness,  and  attains  an  elevation  of  8500  feet.  These  con- 
glomerates with  calcareo-bituminous  schists,  containing  the  remains 
of  fishes,  are  largely  developed  on  the  shores  of  the  Pentland  and 
Murray  Friths,  re-appearing  in  the  lofty  cliffs  of  the  Orkneys,  and 
gradually  thinning  off  on  the  eastern  shores  of  the  Murray  Frith 
till  they  are  lost  in  Cullen  Bay  in  Banffshire.  They  extend  by 
Elgin  and  Inverness  up  the  great  valley  of  the  Caledonian  Canal  to 
Meale  Favoumie.  A  broad  zone  commences  on  the  coast  of  For- 
farshire between  Stonehaven  and  the  Frith  of  Tay,  and  stretches 
across  the  interior  on  the  southern  flanks  of  the  Grampians  to  the 
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Frith  of  Clyde,  both  sides  of  which  are  bordered  with  old  red 
sandstone,  which  is  seen  in  Bute,  and  about  Largs,  and  in  the  Isle  of 
Amn  and  Cantire.  It  is  likewise  found  in  the  northern  part  of 
Fife  cropping  out  from  beneath  the  coal  strata,  and  on  the  shores 
of  the  Frith  of  Forth  skirting  the  northern  flanks  of  the  Lammer- 
muirs  (with  some  interruptions  from  masses  of  igneous  rocks),  from 
Dunbar  on  the  east  to  beyond  the  source  of  the  River  Ayr  on  the 
west.  It  occurs  in  detached  portions  in  Kircudbright  and  Dum- 
fries, and  covers  a  considerable  area  in  the  valley  of  the  Tweed, 
where  the  alternations  of  red  sandstone  and  shale  with  the  lower 
part  of  the  carboniferous  limestone  have  already  been  noticed.  It 
is  seen,  under  nearly  similar  circumstances,  in  some  of  the  escarp- 
ments of  the  Penine  chain  near  Dufton,  in  the  valley  of  the  Lune, 
and  at  several  other  points  emerging  from  beneath  the  carboniferous 
limestone  which  flanks  the  lake  district  of  Cumberland  and  West- 
moreland. 

In  South  Wales  the  old  red  sandstone  largely  developed,  with 
argillaceous  and  calcareous  alternations,  is  extensively  spread  over 
the  counties  of  Hereford,  Brecknock,  and  Monmouth,  and  extends 
through  Caermarthenshire  in  a  narrow  band  between  the  region  of 
Silurian  rocks,  and  the  carboniferous  limestone  which  borders  the 
great  coal  field  of  South  Wales.  It  also  occupies  a  considerable 
portion  of  Pembrokeshire  on  either  side  of  Milford  Haven,  south  of 
which  it  is  broken  into  two  narrow  bands  ranging  nearly  east  and 
west  by  an  anticlinal  ridge  of  Silurian  rocks  heaved  up  through  the 
midst  of  it.  Detached  portions  also  occur  at  the  Worm'^s  Head  in 
Glamorganshire,  and  on  the  opposite  side  of  the  Bristol  Channel 
beneath  the  limestone  of  Bristol  and  the  Mendip  Hills.  Near 
Bristol  beds  of  red  sandstone  alternate,  as  in  the  valley  of  the 
Tweed,  with  the  lower  part  of  the  carboniferous  limestone. 

The  developement  of  the  carboniferous  limestone  is  very  slight 
in  Scotland,  being  confined  to  alternations  of  calcareous  beds  con- 
taining marine  remains  with  seams  of  coal,  in  the  great  coal  field 
of  the  valleys  of  the  Forth  and  Clyde,  which  belongs  to  the 
lower  part  of  the  carboniferous  series.  In  England,  the  largest 
tract  of  carboniferous  limestone  is  situated  on  the  confines  of  Nor- 
thumberland, Durham,  and  Yorkshire.  It  commences  near  Eye- 
mouth, in  Scotland,  running  along  the  coast  to  the  River  Coquet, 
skirting  the  Tweed  and  the  porphyritic  range  of  the  Cheviots,  and 
extending  along  the  flanks  of  the  slate  district  of  the  south  of 
Scotland  to  the  banks  of  the  Liddel  near  Langtown.  The  boundary 
then  turns  s.b.  to  Brampton,  and  thence,  following  the  escarpments 
of  the  Penine  chain  through  Cross  Fell  and  Stainmoor  Forest  to 
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the  vicinity  of  Kirby  Stephen.  At  this  point  a  zone  is  thrown  off, 
which  encircles  the  Cumbrian  mountains,  continuously  on  the  north, 
and  in  irregular  patches  on  the  south  about  Ulverstone  and 
Kendal. 

Again,  following  the  escarpments  of  the  Peniue  chain,  which 
from  Kirby  Stephen  range  nearly  s.w.  by  s.,  the  carboniferous  lime- 
stone abuts  against  the  slate  mountains  of  the  lake  district,  being 
separated  from  them  by  an  enormous  fault,  which  has  elevated  the 
Penine  chain,  and  which,  along  its  whole  course  from  Brampton  to 
Kirby  Lonsdale,  has  caused  a  relative  displacement  of  the  strata  on 
the  two  sides  of  it  for  a  length  of  fifty  miles,  and,  in  one  part,  to 
the  extent  of  more  than  3000  feet. 

From  Kirby  Lonsdale,  the  boundary  of  the  carboniferous  lime- 
stone turns  E.s.E.  to  the  Kibble,  following  another  fault,  called  the 
Craven  fault ;  which  has  exposed  to  view,  in  Ribblesdale,  a  narrow 
band  of  slate  rocks  running  for  about  fifteen  miles  between  two 
bands  of  limestone,  that  on  the  east  being  the  continuous  edge  of 
the  horizontal  beds  in  the  elevated  Penine  region,  that  on  the 
south  being  a  narrow  line  of  those  rocks  set  on  edge,  and  dipping 
violently  to  the  south.  From  the  southern  extremity  of  this  dis- 
trict of  Ribblesdale  slate,  near  Settle,  the  western  boundary  of  the 
limestone  district  coincides  nearly  with  the  line  dividing  the  coun- 
ties of  York  and  Lancaster.  The  limestone  extends  into  the  latter 
county,  about  five  miles  south  of  Clitheroe,  and  then  turns  e.n.e. 
to  the  banks  of  the  Wharfe. 

We  have  now  traced  the  western  limits  of  that  continuous  band 
of  carboniferous  limestone,  which  extends  from  the  Scotch  border 
into  the  centre  of  England.  Throughout  the  greater  portion  of  that 
district  the  lower  or  scar  limestone  is  exhibited  in  the  western 
escarpments  of  the  Penine  chain,  or  in  the  transverse  valleys 
which  intersect  it.  The  upper  parts  of  the  limestone  arid  the  mill- 
stone grit  occupy  the  summits  of  those  escarpments,  or  compose  the 
central  ridges;  the  whole  being  covered  on  the  east  by  the  coal 
fields  of  Durham,  South  Yorkshire,  and  Derbyshire. 

The  eastern  boundary,  or  that  dividing  the  limestone  from  the 
great  shale  and  the  millstone  grit,  is  less  easily  defined,  by  reason  of 
the  passage  of  the  diflferent  members  of  the  carboniferous  limestone 
formation  into  each  other,  which  we  have  described  as  taking  place 
in  the  district  now  under  consideration.  The  greatest  breadth  of 
the  calcareous  portion  of  the  carboniferous  system  of  the  north  of 
England,  including  the  upper  and  lower  limestones  and  the  Yore- 
dale  rocks,  with  their  associated  coal,  is  between  the  Tweed  and  the 
Coquet,  the  eastern  boundary  extending  nearly  south-west  along 
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the  banks  of  the  Tyne  to  near  Hexham,  and  thence  west  to  Halt- 
whistle.  From  this  point  the  limestone  district  contracts  into  the 
narrow  band  already  traced,  as  exhibited  in  the  escarpments  of  the 
Penine  chain,  and  then  expands  again  into  a  broad  but  irregular 
tract,  in  which  the  summits  of  the  hills  are  capped  by  millstone 
grit,  the  limestone  being  displayed  at  their  base  and  in  the  inter- 
vening valleys.  South  of  Clitheroe  and  Skipton  the  limestone  sinks 
beneath  a  continuous  mass  of  the  millstone  grit,  and  beneath  the 
coal  field  of  Lancashire. 

Further  to  the  south,  two  insulated  tracts  of  carboniferous  lime- 
stone have  been  protruded  along  an  anticlinal  axis,  through  the 
millstone  grit ;  one  the  small  patch  on  the  north-eastern  skirts  of 
the  Lancashire  coal  field,  the  other,  a  large  and  elevated  region, 
constituting  the  Peak  Forest,  or  lead  district  of  Derbyshire.  The 
surface  of  the  latter  is  very  irregular,  being  divided  by  numerous 
narrow  valleys  or  broader  dales,  celebrated  for  their  striking  and 
picturesque  scenery.  The  total  ascertained  thickness  of  this  cal- 
careous tract  exceeds  1000  feet,  consisting  of  750  feet  of  limestone, 
divided  by  252  feet  of  amygdaloidal  trap,  locally  called  toadstone^ 
in  four  beds  of  variable  thickness.  The  rock  on  which  this  forma- 
tion lies  is  nowhere  exposed  in  any  natural  section,  neither  has  the 
lower  limestone  been  sunk  through  in  any  mining  operation.  The 
limestone,  with  its  superincumbent  shale  and  millstone  grit,  sinks 
on  the  south  beneath  the  poikilitic  formation  of  Central  England. 

Bands  of  carboniferous  limestone  are  found  on  the  skirts  of  the 
clay-slate  district  of  North  Wales,  ranging  along  the  shores  of  the 
Menai,  from  the  neighbourhood  of  Caernarvon  to  that  of  Bangor ; 
also  in  a  depression  parallel  to  those  Straits,  which  extends  through 
the  centre  of  Anglesey,  from  Malltraeth  to  Red-wharf  Bay,  and  in 
the  N.B.  extremity  of  the  island  at  Penmon.  Re-commencing  on 
the  opposite  coast  of  Caernarvonshire,  at  the  Great  Orme^s  Head, 
the  limestone  skirts  the  sea-coast  by  Abergele,  and  both  sides  of  the 
Vale  of  Clwyd,  constituting  the  lead  district  of  the  counties  of  Den- 
bigh and  Flint,  and  extends  in  a  narrow  promontory  to  Llanermy- 
nach,  a  little  south  of  Oswestry. 

The  coal  fields  of  South  Wales  are  surrounded  by  a  band  of 
carboniferous  limestone,  which  stretches  on  the  north  and  east  from 
Narberth,  in  Pembrokeshire,  by  Abergavenny  and  Caerphilly,  and 
thence  on  the  south  by  Bridgend,  Swansea,  and  Tenby,  to  Milford 
Haven.  It  appears  also  on  the  western  side  of  the  Bristol  Channel, 
on  the  banks  of  the  Wye,  and  in  detached  portions  on  the  opposite 
shores  of  the  estuary,  about  Bristol  and  the  Mendip  Hills. 

Professor  Sedgvrick  and  Mr.  Murchison  refer  the  limestone  of 
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Barnstable  Bay,  in  Devonshire,  to  thia  formation.  Some  beds  of 
limestone,  which  occur  below  the  coal  meaaurea  of  the  Clee  Hilla, 
in  Shropshire,  are  supposed  to  be  a  slight  developement  of  the  oi^ 
boniferous  limestone. 

The  millstone  grit  is  found,  in  its  greatest  extent,  and  oiOit 
complete  developement,  in  the  north  of  England,  where  it  oeeapiMi 
a  wide  area,  forming  the  western  summits,  the  central  mngee,  and 
the  eastern  slopes  of  the  Penine  chain.  It  extends  oontinuoualy 
s.w.  by  w.  from  the  banks  of  the  Coquet  to  those  of  the  Tyiie* 
From  that  river  to  near  the  mouth  of  the  Ribble  it  is  found  chiefly 
in  insulated  masses,  constituting  the  summits  of  the  hills.  Larger 
tracts  of  it  extend,  the  one  over  Bolland  Forest,  the  other  from  ^e 
vicinity  of  Ormskirk  to  the  banks  of  the  Yore,  near  Middleham ; 
dipping  on  the  east  under  the  magnesian  limestone  between  Abep- 
ford  and  Masham,  and  under  the  Yorkshire  coal  field,  by  Leeds, 
Bradford,  and  Huddersfield.  South  of  the  last-mentioned  town,  it 
ranges  in  a  southern  direction  down  both  sides  of  the  limestono 
district  of  the  Peak  Forest,  separating  it  from  the  coal  field  of 
South  Yorkshire  and  Derbyshire  on  the  east,  and  from  those  of 
Manchester  and  North  Staffordshire  on  the  west. 

In  North  Wales  the  millstone  grit  occurs  under  the  form  of 
beds  of  shale  and  sandstone,  interposed  between  the  carbonifennMI 
limestone  and  the  coal  formation.  It  appears  in  the  coal  field  ot 
South  Wales  as  beds  of  conglomerate  and  coarse  grit,  observable 
near  Merthyr,  and  the  head  of  the  Neath  Valley  on  the  north,  and 
near  Bridgend  and  Caerphilly  on  the  south.  In  the  Forest  of  Deaa 
it  is  known  as  the  "  Farewell  Rock ;''  and  in  the  basin  of  Glouces- 
tershire and  Somersetshire,  as  beds  of  conglomerate  and  hard  oherty 
sandstone,  often  highly  ferruginous,  which  may  be  seen  at  Brandon 
Hill,  near  Bristol,  and,  resting  on  limestone,  on  either  side  of  the 
gorge  of  the  Avon,  near  Clifton. 

Coal  Fields  op  England. 

In  describing  the  geographical  distribution  of  coal  through 
England  and  Wales,  we  shall  follow  the  arrangement  of  Conybeare 
and  Phillips ;  dividing  them  into— 

I.  The  coal  fields  north  of  Trent,  surrounding  the  Great  Penins 
chain,  containing — 

1.  ~The  coal  field  of  Northumberland  and  Durham. 

2.  That  of  Yorkshire,  Nottinghamshire,  and  Derbyshire. 

3.  That  of  North  Staffordshire,  sometimes  called  the  Pottery 
coal  field. 
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4.  That  of  Manchester. 

5.  That  of  Whitehaven. 

il.  The  central  coal  district,  comprehending  the  coal  fields— 

1.  Of  Liecestershire. 

2.  Of  North  Staffordshire. 

III.  The  western  coal  district,  subdivided  into — 

1.  The  north-western,  containing  the  coal  fields  of  North 
Wales. 

2.  The  western,  containing  those  of  the  Plain  of  Shrewsbury, 
of  Coalbrook  Dale,  and  the  Clee  Hills. 

3.  The  south-western,  comprising  the  coal  fields  of  South 
Wales,  of  the  Forest  of  Dean,  and  of  Gloucestershire  and 
Somersetshire;  to  which,  according  to  Murchisonand  Sedg- 
wick, we  may  add  the  culmiferous  deposits  of  North  Devon. 

Although  the  coal  of  England  is  derived  from  so  many  insulated 
districts,  or  basins  as  they  are  sometimes  called,  many  circumstances 
render  it  probable  that  they  were  once  continuous  on  the  bed  of  the 
sea,  and  that  their  separation  has  been  caused  by  dislocations  sub- 
sequent to  the  formation  of  the  strata.  Some  of  them,  as  the  coal 
fields  of  Durham  and  Yorkshire,  of  Lancashire  and  North  Wales, 
appear  from  the  dip  and  strike  of  the  strata  to  be  even  now  united 
though  their  junction  is  concealed  by  the  covering  of  poikilitio 
sandstone. 

Northern  Coal  District. 

1 .  Coal  Field  of  Northumberland  and  Durham. 

This  celebrated  coal  field  extends  from  the  Coquet  to  the  Tees, 
occupying,  according  to  Mr.  Buddie,  an  area  of  700  square  miles, 
within  which  the  coal  strata  may  be  traced  continuously.  From 
the  Coquet  to  Shields  it  is  bounded  on  the  east  by  the  sea,  but  south 
of  that  point  the  surface  is  covered  by  a  triangular  area  of  magnesian 
limestone,  the  apex  of  which  is  on  the  northern  bank  of  the  Tyne, 
while  the  base  extends  from  Hartlepool  on  the  east,  to  Pierce  Bridge 
on  the  west. 

It  was  long  maintained  by  the  coal  viewers  of  the  north  of 
England,  that  no  coal  of  workable  quality  was  to  be  found  beneath 
this  cover  of  magnesian  limestone;  but  in  1821,  Colonel  Braddyl 
was  persuaded  by  the  late  William  Smith,  in  opposition  to  the 
opinions  of  practical  men,  to  sink  through  it  in  search  of  coal,  and 
^he  result  has  been  the  great  South  Uetton  Colliery,  and  other 
Ti^laable  works. 


228  COAL  nn.D0  of  exolahd. 

The  rise  of  the  stnta  u  towmrds  the  west,  m  iliown  in  theTallcja 
of  the  Tyne  and  Wear,  which  make  a  complete  aeetioa  of  aU  the 
bedfl  above  the  milktone  ^t ;  but  there  u  everj  probabilhj  tbat 
the  Northumberland  coal  field  u  in  reality  a  synclinal  troogii,  the 
eaatem  half  of  which  is  beneath  the  German  Ocean,  for  at  S<Nilii 
Shields  the  beds  rise  towards  the  sea.  The  aggrq;ate  thiclmei  of 
all  the  strata,  including  coal  and  ^  rock  measures,^  is  about  16S0 
feet,  varying,  however,  in  different  parts.  The  total  thi^liw—  of 
the  coal  seams  varies  from  forty-five  to  sixty  feet  in  about  twonty-fiw 
seams,  from  a  few  inches  to  two  yards  thick,  bat  seldom  mofe  thaa 
five  seams  of  workable  thickness,  and  often  not  more  than  one  or  two 
coexist  in  the  same  locality. 

The  most  important  beds  are  the  ^*  High  Main  ^  and  the  ^'  Low 
Main,*"  the  first  six  feet,  the  second  between  six  and  seven  feet  thlA. 
Between  these,  distant  from  each  other  about  sixty  fathoms,  la  the 
«« Bensham,"^  exceeding  three  feet,  and  the  ^^  Yard  Coal,^  wImmo 
thickness  is  implied  in  its  name.  There  are  seven  beds  below  the 
Low  Main,  but  of  inferior  quality.  The  larj^est  is  the  ^^  Wickbam 
Street,""  six  feet,  the  lowest,  the  "  Brockwell,''  three  feet.  The  coal 
is  in  general  bituminous,  but  with  considerable  variations.  There  ia 
rery  little  ironstone  in  this  district.  Iron  pyrites  is  very  abundant^ 
both  crystallized  and  disseminated  through  the  coaL  Calcareona 
spar  is  also  blended  with  it,  and  deteriorates  its  quality,  rendering  it 
less  bituminous. 

It  is  difficult  to  identify  the  different  sandstones  and  shales  alter- 
nating with  the  coal  at  distant  localities.     The  best  defined  sand- 
stones arc  the  " Grindstone,""  the  "Seventy  Fathom,''  and  the 
"  Main  Post.""    The  first  supplies  excellent  grindstones,  and  a  good 
building  material ;  the  two  latter  lie  below  it,  a  considerable  tUek- 
ness  of  argillaceous  strata  intervening.    The  Main  Post  is  the  most 
continuouH,  and  always  accompanies  the  main  coal.     The  earthy 
gtrata  included  in  the  coal  are  called  "  bands.'"     The  most  remark- 
able is  the  Heworth  Band,  which  at  first  is  a  mere  parting,  but 
finally,  in  its  range  to  the  x.e.,  swells  out  to  the  thickness  of  eighteen 
fathoms.     The  wide  denudations  of  the  TjTie  and  Wear  have  de- 
stroyed an  immense  quantity  of  the  most  valuable  beds  of  coal,  but 
this  destruction  has  been  in  some  degree  compensated  by  their  com- 
plete exposure  of  all  the  contents  of  the  coal  field,  by  the  facilities 
offered  for  the  discovery  and  working  of  many  of  the  seams  in  the 
infancy  of  the  art  of  mining,  and  by  the  aid  afforded  even  now  to 
their  cheap  drainage  by  means  of  adits.    Much  coal  is  likewise 
destroyed,  and  much  expense  incurred  in  the  working,  by  reason  of 
the  numerous  dislocations  of  the  strata  by  subterranean  movements. 
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The  largest  of  the  fissures  occasioned  by  these  movements  are  called 
"  dikes,'*  the  less  considerable  "  troubles,""  "  slips,""  and  "  hitches."" 
They  are  sometimes  filled  with  sandstone  and  clay.  Like  the  denu- 
dations of  the  valleys  of  the  Tyne  and  Wear,  they  afl!brd  some  com- 
pensation for  the  destruction  of  coal  occasioned  by  them,  and  for 
the  impediments  they  generally  throw  in  the  way  of  the  workings. 
When  filled  with  clay  they  dam  up  numerous  springs,  and  cause 
them  to  find  vent  on  the  surface,  and  those  faults  which  depress  the 
strata  retain  valuable  seams  within  the  coal  fields,  which  would 
otherwise  crop  out  and  be  lost.  The  most  remarkable  of  these  dis« 
locations  is  the  Ninety  Fathom  Dike,  so  called  because  the  beds  on 
the  north  of  it  are  thrown  down  to  that  extent  below  those  on  the 
southern  side.  It  varies  in  width  from  a  few  inches  to  twenty-two 
yards,  and  is  filled  with  indurated  sandstone.  The  basaltic  dikes 
of  this  district  do  not  always  alter  the  levels  of  the  strata  on  either 
side  of  them,  but  they  invariably  deteriorate  the  quality  of  the  coal, 
converting  it  into  coke,  and  frequently  cause  the  seam  to  nip^  or 
diminish  in  thickness,  in  their  vicinity.  Irruptions  of  water,  accu- 
mulated in  abandoned  works,  or  in  some  cases  from  the  vicinity  of 
the  sea,  occasion  a  lamentable  loss  of  life  in  the  collieries  of  this 
district ;  but  their  greatest  scourge  is  the  fire  damp.  This  is  the 
miner's  name  for  carburetted  hydrogen,  which  is  disengaged  in  great 
quantities  from  some  of  the  most  valuable  beds  of  coal,  particularly 
the  Low  Main.  The  pitmen  frequently  open  with  their  picks 
crevices  called  '*  blowers,""  which  emit  as  much  as  700  hogsheads  of 
this  gas  in  a  minute,  and  continue  in  activity  for  many  months,  and 
when,  from  the  want  of  a  sufficient  current  of  air  circulating  through 
the  works  to  carry  ofl!*  this  gas  as  fast  as  it  is  given  out,  the  atmo- 
sphere becomes  charged  with  it  to  the  explosive  point,  it  ignites  on 
coming  in  contact  with  fiame,  and  carries  destruction  among  the 
workmen,  not  only  from  the  violence  of  the  blast,  but  from  the  efl!ects 
of  the  '^  after  damp,""  or  ^^  stythe,""  a  mixture  of  carbonic  and  azotic 
gases  resulting  from  the  combustion  of  carburetted  hydrogen  in 
atmospheric  air. 

To  prevent  these  fatal  consequences  no  expense  is  spared  by  the 
coal  owners,  and  the  energies  of  the  superintendents,  aided  by  all  the 
resources  of  science,  are  kept  constantly  on  the  alert,  in  watching 
the  state  of  the  air  courses  and  regulating  the  ventilation.  Large 
furnaces  are  kept  burning  at  the  bottom  of  the  upcast  shafts,  to 
quicken  the  circulation,  and  in  some  cases  powerful  air  pumps, 
worked  by  steam-engines,  have  been  employed  to  abstract  the  noxious 
gas  from  the  workings. 

But  the  most  valuable  gift  which  science  has  bestowed  on  those 
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employed  in  the  collieries  is  the  safety  latnp,  the  dis(50tei*y  cit 
which  would  alone  have  been  sufficient  to  immortalise  its  illustrious 
inventor.  Provided  with  his  "  Davy  ^  the  collier  may  now  fearletsly 
venture  into  an  explosive  atmosphere,  and  if  it  does  riot  afford  perfect 
immunity  from  danger,  there  is  no  doubt  that  when  used  with 
proper  precaution  it  greatly  diminishes  the  risks  to  which  he  i^ 
exposed. 

Produce  and  Consumption  of  Coal.  The  produce  of  this  coal 
field  is  enormous.  Besides  the  quantity  consumed  within  the  dis- 
trict, about  five  millions  of  tons  are  annually  shipped  from  the  pOft4 
of  the  Tyne,  Wear,  and  Tees,  for  the  supply  of  the  metropolis,  and 
of  the  eastern  and  southern  coasts  as  far  as  Plymouth. 

The  great  and  rapidly  increasing  consumption  of  coal,  arising 
from  the  increase  of  population,  and  the  extended  application  ottiki 
power  of  steam — a  power  as  yet  only  in  its  infancy — rendei^  tH§ 
probable  duration  of  the  supply  of  our  coal  fields  a  question  of  nd 
slight  interest.  Various  attempts  have  been  made  at  solving  thin 
question,  with  how  little  success  may  be  gathered  fh)m  the  distlor- 
dant  results  obtained  by  those  who  have  from  time  to  time  under- 
taken the  investigation.  Dr.  Thomson  estimated  that  the  Diirhfttii 
coal  field  would  support  an  annual  consumption  of  two  millioils  tt 
tons  for  1 000  years.  Dr.  Buckland  has  reduced  the  period  of  iti 
duration  to  400  years,  and  Mr.  Baily  to  200,  while  some  of  th^ 
coal  owners,  who  were  examined  before  the  House  of  Commdns  iti 
1830,  extended  it  to  1727  years.  If  there  is  one  petwn  bettei^ 
qualified  than  another  to  form  an  accurate  estimate  on  the  Biibjedtj' 
it  is  Mr.  Buddie,  the  eminent  coal  viewer,  who  has  had  the  sdper- 
intendence  of  most  of  the  collieries  of  this  district  for  nearly  hilf  il 
century,  and  in  reply  to  a  question  addressed  to  him  at  the  meetlni^ 
of  the  British  Association,  he  declared  the  calculations  neoessiiry  to 
insure  even  an  approach  to  accuracy  to  be  of  so  laborious  A  nature, 
that  he  had  hitherto  shrunk  from  the  undertaking. 

In  these  calculations  other  elements  are  required  besides  ffid 
area  of  the  coal  field,  the  total  thickness  of  all  the  seams  df  eofJ,  ahd 
an  assumed  annual  consumption.  Much  of  the  coal  is  inaccessible 
by  reason  of  natural  impediments;  much  is  rendered  unavailable  by 
the  want  of  system  in  the  mode  of  working,  which  arises  frota  thd 
intermixture  of  property  and  the  clashing  of  private  interests ;  mueh^ 
from  the  inferiority  of  the  coal  and  the  thinness  of  the  seams,  Will 
remain  unwrought,  until  the  enhanced  price  occasioned  by  a  diftni- 
tiished  supply  shall  allow  it  to  be  profitably  worked. 

On  the  whole,  we  may  conclude  that,  however  vast  the  HtOM  of 
this  valuable  mineral  with  which  Great  Britain  hai  helA  blelsed, 
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they  are  by  no  means  inexhaustible,  and  that  as  the  more  valuable 
beds  are  worked  out,  the  increased  cost  of  production  will  cause  a 
fifradual  rise  of  price,  perhaps  at  no  very  distant  day ;  it  therefore 
becomes  a  point  of  great  national  importance  that  all  unnecessaiy 
waste  should  be  prevented. 

The  destruction  of  the  small  coal,  by  burning  it  in  large  heaps^ 
at  the  pit's  mouth,  has  frequently  been  the  subject  of  severe  and 
just  animadversion.  The  practice  originated  in  fiscal  regulatiohSf 
which  enacted,  till  recently,  that  coal  should  be  sold  ih  London^ 
by  measure,  and  hot  by  weight.  This  waste  has  in  some  degree 
diminished,  since  the  abrogation  of  that  law,  but  it  still  goes  on  to 
a  lamentable  extent ;  nearly  one-third  of  the  entire  produce  of  this 
coal  field  being  annually  thus  destroyed,  or  left  in  the  mines,  to  avoid 
the  expense  of  raising  it  to  the  surface.  To  remedy  this  abuse,  it 
has  been  proposed  to  compel  the  coal  owners,  by  law,  to  sell  the 
coal  without  screening  it.  A  process  has  however  recently  been 
invented,  by  which  this  refuse  may  be  formed  into  cakes,  better 
adapted  for  the  use  of  steam  vessels  than  the  large  coal,  because, 
among  other  reasons,  they  can  be  more  conveniently  stowed,  and  it 
is  to  be  hoped  that  this  discovery,  by  causing  a  demand  for  what  is 
now  of  no  value,  will  effectually  prevent  this  waste,  and  supersede 
the  necessity  for  legislative  interference. 

?.  Coal  Field  of  South  Yorkshire^  Nottinghamshire,  and  Derbyshire. 

This  is  another  extensive  and  valuable  coal  field,  closely  allied 
iti  its  characters  to  that  of  Newcastle,  and  it  is,  perhaps,  a  re« 
tBinergence  of  the  same  strata  fl*om  beneath  the  magnesian  lime- 
stone. The  strike  of  the  strata  being,  as  in  that  coal  field,  from 
north  to  south,  their  dip  to  the  east,  beneath  the  magnesian  lime- 
stone, and  their  western  outcrop  against  the  rocks  of  the  millstone 
grit  which  constitute  the  higher  regions  of  the  Penine  chain. 

The  number  of  coal  seatns  contained  in  it,  has  been  estimated  at 
thirty,  varying  from  six  inches  to  eleven  feet,  and  constituting  a 
total  thickness  of  twenty-six  yards,  with  numerous  alternations  of 
grits  and  argillaceous  strata,  some  of  them  containing  ironstone. 
The  thickness  of  the  entire  series  in  Yorkshire  exceeds  300dReet. 

The  towns  of  Leeds,  Halifax,  Bradford,  Huddersfield,  Wake- 
field, Chesterfield,  Sheffield,  Nottingham,  Pontefract,  and  Derby, 
are  situated  either  upon,  or  closely  adjoining  to  this  coal  field,  which 
supplies  fuel  to  the  important  manufactures  carried  on  in  the  adjoin- 
ing district,  and,  by  means  of  inland  navigation,  to  the  counties 
lying  BOttth-eaat  of  Derbyshire. 
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3.  Coal  Field  of  North  Stafford. 

This,  sometimes  called  the  Pottery  Coal  Field,  is  a  small  detached 
district,  whose  greatest  length  is  about  fifteen  miles,  having  Cheadle 
and  Newcastle-under-Lyne  on  or  near  to  its  eastern  and  southern 
extremities,  and  Congleton  on  its  north-western  edge.  It  has  been 
ascertained  to  contain  thirty-two  beds  of  coal,  from  three  to  ten  feet 
thick,  which  are  found,  at  various  depths,  from  fifty  to  four  hundred 
yards.  The  strata,  which  are  subject  to  great  dislocations,  dip  from 
the  sides,  towards  the  centre  of  the  basin,  with  an  inclination 
amounting  on  the  eastern  side  to  one  in  four,  while  on  the  western 
side  it  is  still  more  steep.  Some  seams,  only  twenty  inches  thick, 
have  been  worked,  but  they  are  in  general  neglected,  if  of  less 
thickness  than  four  feet. 

4.  Manchester  or  South  Lancashire  Coal  Field, 

This  is  an  irregular  crescent-shaped  tract,  the  span  of  which  is 
about  forty  miles.  It  extends  from  the  borders  of  Derbyshire,  into 
the  south-western  portion  of  Lancashire,  by  Manchester,  to  Prescot, 
near  Liverpool,  having  Macclesfield  on  the  eastern  or  opposite  horn  of 
the  crescent,  and  Colne  near  its  northern  termination,  with  the  towns 
of  Rochdale,  Oldham,  Bury,  Bolton,  Leigh,  and  Wigan,  within  its 
area.  The  strata  may  be  described  generally  as  dipping  from  the 
exterior,  along  with  the  millstone  grit  on  which  they  rest,  towards 
the  inner  edge  of  the  crescent,  beneath  the  poikilitic  sandstone  and 
magnesian  conglomerate;  but  this  general  arrangement  is  inter- 
rupted by  many  local  disturbances,  which  have  not  yet  been  accu- 
rately traced.  This  coal  field  is  probably  connected  beneath  [the 
cover  of  poikilitic  sandstone  with  the  coal  field  of  North  Wales,  and 
the  estuary  of  the  Dee,  which  dips  towards  it. 

5.  The  Coal  Field  of  Whitehaven 

Forms  a  narrow  band,  skirting  the  north-western  flanks  of  the 
Cumbrian  mountains  from  Egremont,  a  little  south  of  Whitehaven 
to  the  banks  of  the  Calder,  where  it  is  covered  by  the  poikilitic 
sandstone  of  the  Plain  of  Carlisle.  A  good  section  is  displayed  in 
the  cIVs  of  St.  Bees,  where,  the  dip  being  to  the  south,  the  coal 
measures  are  seen  covered  by  the  magnesian  limestone,  and  that 
again  by  the  red  marl.  The  largest  seam  of  coal  in  the  Whitehaven 
colliery,  is  nine  feet  thick.  These  works,  which  are  very  deep, 
some  of  the  shafts  exceeding  a  hundred  fathoms,  extend  under  the 
flea.  The  Workington  mines  were  carried  on  in  a  similar  situa- 
tion, until  an  irruption  of  the  sea  in  the  year  1837,  destroyed  this 
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valuable  colliery,  with  much  loss  of  life.     This  coal  field  supplies 
Dublin,  and  a  large  portion  of  the  eastern  coast  of  Ireland. 

On  the  northern  side  of  the  great  Tynedale  fault,  near  Hartley- 
burn,  and  on  the  south-western  side  of  the  Craven  fault,  at  the  base 
of  Ingleborough,  are  two  small  coal  fields,  belonging  to  the  series 
above  the  millstone  grit,  which  have  been  thrown  down  by  those 
dislocations  to  considerable  depths  below  that  portion  of  the  same 
formation  which  caps  the  summits  of  the  neighbouring  hills.  At 
Ingleborough,  the  difference  of  level  amounts  to  3000  feet. 

II.  Central  Coal  District. 

1.  The  Coal  Field  ofAshby  de  la  Zouch 

Is  of  an  irregular  figure,  its  greatest  length,  from  n.w.  to  s.e., 
being  about  ten  miles,  its  greatest  breadth  about  eight.  It  is  so  much 
dislocated,  that  it  may  be  regarded  as  two  detached  basins,  rather  than 
as  a  continuous  whole.  The  strata,  having  rapid  dips  in  various  direc- 
tions, are  surrounded  by  horizontal  beds  of  ^e  poikilitic  series,  and 
approach  on  the  east  almost  close  to  the  slate  rocks  of  Chamwood 
Forest.  One  of  the  coal  beds  has  a  thickness  of  from  seventeen  to 
twenty-one  feet,  arising  probably  from  the  union  of  several  minor 
seams. 

2.  The  Warwickshire  Coal  Field, 

About  sixteen  miles  long,  extends  from  the  villages  of  Wyken 
and  Sow,  three  miles  east  of  Coventry,  to  Polesworth  and  Wareston, 
five  miles  east  of  Tamworth.  Its  average  breadth  is  about  throe 
miles.  The  strata  dip  to  the  w.b.w.,  the  inclination  on  the  eastern 
edge  of  the  coal  field  being  as  much  as  45^  but  decreasing  on  the 
western  side.  The  principal  collieries  are  at  Griff  and  Bedworth. 
In  the  former  place,  four  beds  of  coal  are  worked,  the  largest  of  which 
is  nine  feet  thick.  At  Bedworth,  the  two  upper  seams  of  the  Oriff 
Colliery,  which  were  there  separated  by  shale  thirty-three  yards  thick, 
run  together,  and  form  one  seam  of  the  thickness  of  fifteen  feet. 

3.  South  Staffordshire^  or  Dudley  Coal  Field. 

This  coal  field,  so  important  for  the  extensive  iron- works  it  main- 
tains, is  in  length  about  twenty  miles,  from  north  to  south,  extend- 
ing from  near  Stourbridge,  over  Cannock  Chase  to  Beverton,  near 
Badgeley,  the  greatest  breadth  between  Walsall  and  Wolverhamp- 
ton being  about  seven  miles.  Its  superficies,  from  actual  survey,  is 
about  sixty  square  miles.  That  portion  of  it  south  of  Cannock  Chase, 
eight  miles  long  and  four  broad,  is  distinguished  by  the  presence  of  a 
continuoos  bed  of  coid  thirty  feet  thick,  called  the  ^^Main,""  or  "Ten- 
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yard  ^^  coal,  made  up  of  thirteen  different  beds,  some  of  them  Ijitig 
close  together,  others  separated  by  thin  bands  or  partings  of  shale. 
In  Bloomfield  Colliery,  a  phenomenon  takes  place,  analogous  to  the 
splitting  of  the  High  Main  of  the  Newcastle  coal  field,  by  the 
Ueworth  Band.  The  two  upper  beds  of  the  ten-yard  coal  separate 
from  the  rest,  and  are  distinguished  by  the  name  of  "  the  Flying 
Reed,^  and  the  interval  between  them  increases,  till  it  amounts  to 
twelve  fathoms,  four  beds  of  shale  and  ironstone  being  interposed. 

The  number  of  coal  seams  in  this  field  are  eleven,  with  sixty-four 
of  sandstone,  clay,  and  shale.  The  ten-yard  coal  is  about  sixty 
fathoms  below  the  surface  at  Dudley,  cropping  out  to  the  north,  and 
being  lost  at  Bilston.  None  of  the  seams  above  it  are  considered 
worth  working.  The  strata  north  of  Bilston,  and  in  Cannock 
Chase,  are  below  the  ten-yard  coal,  and  are  distinguished  by  the 
presence  of  valuable  beds  of  ironstone.  Several  of  these  lower  coal 
seams  are  of  considerable  thickness.  These  ironstone  measures, 
emerging  from  beneath  the  main  coal  at  the  soutliem  end  of  the 
district,  occupy  the  tract  between  Halesowen  and  Stourbridge,  con- 
taining the  celebrated  fire-clay ;  but  some  of  the  most  valuable  of 
the  ironstones  of  the  Wolverhampton  or  northern  portion  of  the 
coal  field,  are  there  wanting. 

Of  the  great  mass  contained  in  the  ten-yard  bed,  it  is  calcu- 
lated that  one-third  is  left  in  the  works  as  refuse,  the  pillars  that 
support  the  roof  occupy  one-third,  and  one-third  only  is  brought  to 
the  surface. 

The  carboniferous  limestone,  and  the  old  red  sandstone,  are 
entirely  wanting  beneath  this  coal  field,  though  traces  of  the  former 
are  observable  in  the  neighbouring  districts  of  Coalbrook  Dale,  and 
the  Clee  Hills.  This  circumstance  is  considered  by  Mr.  Murchison 
as  indicating  the  accumulation  of  the  coal  strata  of  Dudley,  in  k 
freshwater  lake.  They  rest  on  the  upper  members  of  the  Silurian 
system,  the  Ludlow  rocks,  and  the  Wenlock  limestone.  These 
appear  on  the  eastern  side  of  the  field  near  Walsall,  rising  both  ia 
dome-shaped  masses  and  rectilinear  ridges  ranging  n.n.e.,  nearly 
parallel  to  the  axis  of  the  coal  field,  and  also  near  Dudley,  in  a  simi- 
lar series  of  short  and  narrow  anticlinal  ridges,  (Sedgeley  Beacon, 
Hurst  Hill,  the  Wren^s  Nest,  and  Dudley  Castle  Hill,)  rising  ih  the 
midst  of  the  coal  near  the  basaltic  hills  of  Rowley.  Against  these 
Silurian  rocks,  the  strata  rest  somewhat  unconformably,  and  at  a 
considerable  elevation,  dipping  towards  the  centre  of  the  basin.  At 
Rowley,  they  partly  rest  on,  partly  pass  under  the  basalt  Which 
chars  the  coal,  and  appears  to  have  burst  through  it. 

Many  dikes  and  faults,  chiefly  filled  with  clay  and  Sftnd,  MreiM 
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the  strata,  and  cause  great  variations  in  the  same  bed,  in  difieretlt 
parts  of  its  course,  and  the  whole  carboniferous  tract  has  beeii 
upcast,  through  a  cover  of  new  red  sandstone,  some  of  the  loWer 
members  of  which  are  dislocated  conformably  with  the  coal  measures, 
proving  that  some  of  the  greatest  of  these  movements  were  Subse- 
quent to  the  deposit  of  the  poikilitic  series. 

The  extension  of  the  coal  measures  beneath  the  new  red  sahd- 
stone,  has  been  proved  by  the  Earl  of  Dartmouth,  who,  after  sinking 
151  yards  through  that  rock,  reached  the  coal  seams  which  overlie 
the  ten-yard  coal,  throughout  the  Dudley  portion  of  the  coal  field. 
This  was  at  Ohristchurch,  one  mile  beyond  the  superficial  boundary 
of  the  field. 

The  coal  of  this  district  is  non-bituminotls,  and  burns  fastet  thai! 
that  of  Newcastle,  leaving  a  white  ash.  The  iron  furnaces  of 
Dudley  and  Wolverliumptotl,  and  the  manufactories  of  Birminghain, 
consume  an  immense  quantity  of  it,  and  it  is  conveyed,  by  means  of 
canals,  to  the  adjoining  counties  as  far  south  as  Reading  aiid 
Gloucester. 

III.     Western  Coal  District. 

1.  Coal  Field  of  North  Wales. 

This  forms  a  narrow  belt  between  the  slate  mountains  of  the 
Cambrian  chain  and  the  sea,  commencing  at  the  western  cape  of  the 
estuary  of  the  Dee,  and  extending  to  a  point  a  little  north  of 
Wrezham,  south  of  which  two  detached  tracts  appear  at  Chirk  and 
Oswestry;  the  first  three,  the  second  about  five,  miles  long,  with  a 
breadth  of  about  half  a  mile. 

.  The  beds  of  the  Flintshire  coal  field  dip  beneath  the  Dee,'at 
ingles  varying  from  12°  to  35%  and  rise  on  the  opposite  side  of  the 
estuary,  finally  sinking  beneath  the  poikilitic  sandstone,  under  which 
they  are  probably  prolonged  till  they  re-appear  in  the  coal  field  of 
Lancashire. 

At .  Bagillt  three  seams  are  worked,  the  thickest  of  which  is 
•even  feet,  and  the  thinnest  three. 

Coal  is  worked  at  two  points  in  the  Isle  of  Anglesey,  in  that 
depression  parallel  to  the  Menai  Straits,  which  extends  from  Red 
Wharf  Bay  to  the  Malltraeth  Estuary ;  but  it  is  doubtful  whether 
this  coal  field  belongs  to  the  series  above  the  millstone  grit,  or  is 
subordinate  to  the  carbotiiferouB  limestone. 

2.  Coal  Field  of  Coalbrook  Dale. 

This  66al  field  is  bounded  on  the  eastj  by  kn  undulating  line, 
rjktigitig  by  LiUediAl  td  Bridgnofth,  oh  the  north-west,  by  a  line 


236  COAL  FIBLD6  OP  ENGLAND. 

nearly  coinciding  with  the  main  road  from  Lilleshall  to  Watling- 
Btreet,  near  Wellington,  and  thence  by  the  Wrekin.  On  the  west 
the  boundary  is  formed  by  the  elevated  ridges  of  Benthall  and 
Wenlock,  broken  by  the  gorge  of  the  Severn,  and  on  the  south-east 
by  the  road  from  Much  Wenlock  to  Bridgnorth. 

The  coal  measures  consist  of  the  usual  alternations  of  shale  and 
sandstone  with  coal,  having  an  aggregate  thickness  of  250  yards  in 
135  beds.  The  average  thickness  of  the  coal  seams  is  about  three 
feet,  varying  in  number  at  different  pits  from  one  to  sixteen.  The 
upper  seams  are  thin,  generally  sulphurous,  widely  separated,  and 
extremely  irregular.  The  lower  seams  are  nearer  together,  and  more 
persistent.  The  shales  contain  layers  of  ironstone.  The  strata  of 
this  coal  field  exhibit  several  alternations  of  beds,  containing  fresh- 
water shells  of  the  genera  unio  and  cyclas,  with  others  containing  pro- 
ducta,  spirifera,  ammonites,  and  other  genera  decidedly  marine;  the 
fossils  occurring  chiefly  in  nodules  of  ironstone,  but  sometimes  in 
sandstones  and  shales.  In  the  upper  part  of  the  series  is  a  bed  of 
freshwater  limestone. 

Beneath  the  coal  measures  are  slight  developements  of  old  red 
sandstone,  argillaceous  limestone,  and  shale,  identified  by  their 
fossils  with  the  carboniferous  limestone;  while  the  Silurian  rocks  on 
which  they  rest  are  exposed  in  the  flanks  of  the  Wrekin,  and  in  the 
the  escarpments  of  Benthall  and  Wenlock  Edge. 

This  coal  field  is  much  shattered  by  numerous  and  complicated 
faults,  the  largest  of  which  tilt  the  strata  in  various  directions. 
Those  on  the  east  and  west  bring  the  coal  strata  on  a  level  with 
those  of  the  poikilitic  system,  through  which  the  whole  coal  field 
has  been  upheaved.  Only  the  lower  members  of  that  system,  clay, 
marl,  sandstone,  and  calcareous  conglomerate,  are  found  in  the 
immediate  neighbourhood.  They  pass  conformably  into  the  coal 
measures  below,  and  exhibit,  according  to  Mn  Prestwich,  some 
unconformity  to  the  upper  poikilitic  strata. 

3.  Plaiti  of  Skretcsbury. 

West  of  Coalbrook  Dale  there  are  some  detached  and  much 
broken  coal  fields,  the  most  important  of  which  is  a  ciu'vilinear  zone 
extending  from  the  north-east  flank  of  the  Brythin  Hills  to  Well- 
batch,  near  Shrewsbury,  the  carboniferous  strata  resting  on  the 
inclined  edges  of  Silurian  rocks,  and  dipping  towards  a  common 
centre  beneath  the  new  red  sandstone.  Detached  portions  of  the 
same  zone  occur  at  Sutton  and  Uppington,  and  they  follow  the 
sinuous  outline  of  the  northern  flanks  of  the  Longmynd  and  Caer 
Garadoc.  Three  thin  beds  of  coal  are  for  the  most  part  observable. 
At  Pitchford  the  whole  carboniferous  series  is  described  by  Mr. 
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MurchiBon*,  as  represented  by  a  bituminous  shale  of  a  few  feet  in 
thickness.  The  coal  measures  of  this  district  contain,  like  those  of 
Coalbrook  Dale,  a  band  of  freshwater  limestone,  and  pass  up  con- 
formably into  the  base  of  the  poikilitic  sandstone. 

4.  CleeHilb. 

The  Brown  Clee  and  the  Titterstone  Clee  Hills,  which  rise  a 
few  miles  south  of  Coalbrook  Dale,  afford  several  small  coal  fields, 
thrown  up  to  considerable  heights  above  the  adjoining  country  of 
old  red  sandstone,  more  interesting  from  their  geological  relations  to 
igneous  rocks  than  from  their  economical  importance. 

In  the  Brown  Clee  Hill  the  coal  seams  are  thin,  in  the  Titter- 
stone  Clee  Hill  the  principal  bed  has  a  thickness  of  six  feet.  The 
base  of  the  coal-bearing  strata  is  hard  sandstone,  sometimes  passing 
into  a  conglomerate,  the  equivalent  of  the  millstone  grit,  between 
which  and  the  old  red  sandstone  is  a  thin  zone  of  the  carboniferous 
limestone.  The  coal  measures  are,  for  the  most  part,  covered  with 
basalt.  In  the  Titterstone  Clee  Hill  the  dike  through  which  it 
flowed  may  be  clearly  traced,  and  the  coal  strata  are  broken  by 
a  series  of  faults,  upcast  towards  the  points  where  the  basalt 
found  vent. 

On  the  east  of  these  hills,  and  between  them  and  the  Severn,  is 
another  small  coal  tract,  about  eight  miles  long,  extending  south- 
wards from  Billingsley  to  the  borders  of  Shropshire  and  Worces- 
tershire. Coal  also  occurs  at  Over  Arley  on  the  Severn,  adjoining 
this  tract  on  the  west,  and  in  two  small  patches  at  Pensex,  near  the 
foot  of  the  Abberley  Hills. 

South- Western  Coal  District. 

1.  Coal  Field  of  South  Wales. 

This  great  coal  field  extends  from  Ponty  Pool  to  St.  Bride^s  Bay, 
a  length  of  a  hundred  miles,  its  greatest  breadth  in  the  counties  of 
Monmouth,  Glamorgan,  Caermarthen,  and  part  of  Brecon,  being 
nearly  twenty  miles,  while  in  Pembrokeshire  it  is  not  more  than  five. 
This  elongated  oval  area  forms  a  vast  basin,  or  rather  double  basin, 
having  an  included  anticlinal  axis,  the  strata  cropping  out  on  the 
north  and  south,  and  being  skirted  all  round  the  basin  by  a  zone  of 
carboniferous  limestone,  which  emerges  from  beneath  them.  On 
the  south  the  strata  dip  at  an  angle  of  45^,  on  the  north  the  inclina- 
tion does  not  exceed  12^.  This  district  is  intersected  by  deep 
valleys,  running  north  and  south,  and  many  of  the  beds  of  coal  are 
worked  by  means  of  adits  driven  into  the  sides  of  the  hills. 

*  Proeeidinfft  qf  Gtohgkai  SiKieiy^  voL  L|  p.  472. 
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The  bedfl  of  coal  are  tweniy-three,  having  aa  aggr^gtto  thieknM 
of  ninety-five  feet.  Of  this  ahpnt  seventy  feet  are  comppaad  of 
twelve  beda,  varying  from  three  to  nine  feet,  apd  the  remaiiiiiig 
twenty-five  feet  are  ccmipoaed  of  eleven  beds,  whose  tbicknesa  viiriei 
from  eight  inches  to  three  feet. 

The  southern  side  of  the  basin  from  Pont  y  Pool  to  Caermarthen 
Bay  yields  bituminous  coal,  the  north-eastern  side  coking  coal,  and 
the  north-western  sUme  coal  and  culm.  Great  faults,  ranging  in 
general  from  north  to  south,  traverse  the  strata,  and  alter  their  rela^ 
tive  levels  on  each  side  from  forty  to  a  hundred  &thoms ;  but  iheao 
dislocations  seldom  show  themselves  on  the  surface.  The  faults  vm 
generally  filled  with  clay.  One  near  Swansea,  many  fathoips  wide, 
is  filled  with  fragments  of  the  broken  strata.  The  lower  part  oS  tb^ 
series  in  the  neighbourhood  of  Merthyr  is  distinguished  by  the 
prevalence  of  shale,  the  upper  part  by  the  predominance  of  grit  of  ft 
loose  texture,  abounding  with  specks  of  coal.  This  rook,  known 
locally  by  the  name  of  ''pennant,"^  divides  the  upper  iM^d  lower 
parts  of  the  coal  series,  and  constitutes  the  summits  of  all  the  prin*^ 
oipal  mountains  in  the  interior  of  the  basin.  The  lower  part  of  tb^ 
series  contains  numerous  strata  of  coal  and  sixteen  beds  of  ironstone, 
richer  than  that  of  Staffordshire.  The  most  valuable  bed  of  irw 
is  below  the  lower  coal.  This  basin  supplies  the  greater  part  of 
Wales,  the  whole  of  Cornwall,  and  the  western  side  of  Devonshire, 
and  maintains  the  iron  furnaces  of  Merthyr,  as  well  as  th^ 
smelting  works  of  Swansea,  where  nearly  the  whole  of  the  copper 
ore  of  Cornwall,  Wales,  and  Ireland,  is  reduced. 

2.  Forest  of  Dean^ 

An  irregular  basin,  having  Colford  as  a  centre,  the  length  from 
N.N.E.  to  B.8.W.  being  about  ten  miles.  The  coal  beds  are  seventeen 
in  number,  giving  a  total  thickness  of  thirty-seven  feet.  The  dip  of 
the  strata  is  towards  the  centre  of  the  basin.  The  exterior  ridges 
of  limestone  and  old  red  sandstone,  prolonged  across  the  Wye,  form 
the  mountainous  tract  between  that  river  and  the  Usk. 

8.  Coal  Fields  of  Somsrsetikire  and  South  Gloucesierikire. 

These  occupy  an  irregular  triangular  area,  extending  from  near 
Iron  Acton  on  the  north,  to  Coalford  at  the  base  of  the  Mendip 
Hills  on  the  south,  nearly  twenty -five  miles,  and  from  the  Newtcm 
Collieries  near  Bath  on  the  east,  to  those  of  Bedminster  near  Bristol 
on  the  west,  about  eleven  miles,  the  course  of  the  Avon  nearly 
coinciding  with  this  shorter  line  and  dividing  the  coal  field  into  two 
almost  equal  portions.  The  stratification,  which  has  undo^gontf 
much  derangement,  ia  subject  to  great  local  irregularities,  the  beds 
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being  Bometimes  vertical  and  even  bent  backwards  into  sharp  an4 
abort  flexures,  so  as  to  form  witbin  tbis  area  several  smaller  basins. 
The  coal  series  is  only  denuded  in  a  few  places,  as  about  Iron  Actop, 
Brislington,  Newton,  the  Vale  of  Pensford,  near  Glutton,  and  at 
Coalford.  In  othpr  parts  the  coal  is  worked  by  means  of  shafts 
sunk  through  the  overlying  strata  of  new  red  sandstone,  lias,  and 
inferior  oolite. 

This  cover  of  newer  rocks,  combined  with  the  irregularities  in 
the  dip  of  the  beds,  renders  it  very  difficult  to  trace  the  series  of 
deposits  in  this  coal  field;  but  it  is  probable  that  there  are  between 
fifty  and  sixty  seams  of  coal,  some  of  them  very  thin,  and  none  of 
them  more  than  a  yard  in  thickness. 


CHAPTER  XIII. 

CARBONIFEROUS  SYSTEM,— Con tikued. 

Oarbofiiferaus  seriei  in  Ireland — larffe  area  occupied  by  carbanjferoui 
limestone — cocU  fields  of  Ireland — distribution  of  old  red  sand- 
stone — carboniferous  deposits  of  other  parts  of  the  world — France 
'^Germany — South  Russia — India — Australia — America.^m 
Organic  remains — prevalence  of  marine  fossils  in  the  carbon- 
iferous limestone — peculiar  structure  of  the  fishes  of  this  era^^ 
four  distinct  fossil  floras — character  of  the  carboniferous  vegetal 
tion — palms — coniferco—ferns^-sigillarica — lepidodendra — cakh 
mites — stigmarice, — Climate  of  the  carboniferous  era, — Origin  of 
the  rocks  of  this  system — igneous  rocks  and  mineral  veins'^ 
evidence  that  the  veins  are  more  recent  than  the  strata  traversed 
by  them — their  productiveness  in  different  rocks, — Springs. 

Cahboniferous  Series  in  Ireland. 

Irsland  may  be  described  as  a  great  sheet  of  carboniferous  lime^ 
stone,  spread  over  the  plains  and  broad  undulations  of  the  interior, 
supported  at  the  four  corners  by  masses  of  primary  rocks  and 
patches  of  old  red  sandstone,  and  partially  covered  by  carbonaceous 
deposits.  Coal  has  been  found  in  seventeen  counties,  but  not  in 
considerable  quantity,  nor  in  general  of  good  quality.  Mr.  Griffith 
divides  them  into  four  coal  districts,  named  after  the  four  provinces 
of  Ireland.  The  Leinster  and  Munster  districts  afford  stone  coal ; 
the  Connaught  and  Ulster  districts,  bituminous  coal.  The  Leinster 
district  is  situated  in  the  counties  of  Kilkenny,  Queen^s  county, 
and  Cgrlow,  extending  for  a  short  di3tance  into  Tipperary.    Thi^ 
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is  the  principal  carbonaceous  district.  It  is  divided  into  three 
coal  fields,  separated  by  carboniferous  limestone,  which  envelopes 
and  passes  under  the  whole.  The  coal  of  Kilkenny  is  nearly  pure 
carbon. 

The  Munster  district  covers  a  considerable  portion  of  the  counties 
of  Cork,  Limerick,  and  Kerry,  and  is  the  most  extensive  in  Ireland. 
The  strike  of  the  strata  is  east  and  west,  as  in  the  basin  of  South 
Wales,  and  the  dip  to  the  south,  at  an  angle  of  45*.  Coal  has  been 
wrought  in  the  neighbourhood  of  Canturk  for  nearly  a  century ;  and 
the  Dromagh  colliery  has  yielded  25,000  tons  of  culm  per  annum, 
applicable  to  the  purposes  of  lime  burning.  In  this  colliery,  four 
beds  have  been  worked.  The  uppermost,  three  feet  thick,  is  stone 
coal,  not  sulphurous;  the  two  lower  beds  are  culmiferous  deposits, 
one  of  which,  called  the  ^'  bulk  bed,*"  occurs  in  immense  masses  or 
^^  bulks,^  in  which  the  ordinary  directions  of  roof  and  seat  are  lost. 

Lough  Allen,  the  source  of  the  Shannon,  is  the  centre  of  the 
Connaught  coal  district.  Coal  and  iron  have  been  worked  at  Arigna, 
and  the  iron  was  of  good  quality,  but  the  badness  of  the  roof  was  a 
serious  impediment  to  the  profitable  prosecution  of  the  works. 

The  Ulster  coal  district  commences  near  Dungannon,  in  the 
county  of  Tyrone,  and  extends  southwards.  The  principal  collieries 
are  at  Coal  Island  and  Dungannon. 

Bituminous  coal  has  likewise  been  found  in  the  neighbourhood 
of  Belturbet  in  Cavan,  and  of  Ballycastle  in  Antrim.  The  latter 
collieries  are  of  very  trifling  importance,  and  are  chiefly  remarkable 
for  some  old  workings  discovered  in  them  about  a  century  ago,  mani- 
festing considerable  mining  skill,  but  of  such  high  antiquity,  that  no 
tradition  exists  in  the  neighbourhood  respecting  the  people  by  whom 
they  were  wrought. 

Distribution  of  the  Old  Bed  Sandstone. 

The  principal  districts  of  old  red  sandstone,  are  about  Omagh 
and  Enniskillen ;  on  the  southern  side  of  Donegal  Bay ;  on  the 
northern  side  of  Clew  Bay ;  in  the  vicinity  of  Boyle  and  Longford; 
on  the  north-western  side  of  Lough  Derg;  about  Killaloe  and 
Limerick,  surrounding  the  Keeper  Mountains,  and  extending  n.e.  to 
Mount  Mellick,  in  the  Queen's  county;  south  of  Tipperary,  sur- 
rounding the  Gaultee  Mountains,  and  in  a  narrow  tortuous  band, 
ranging  by  Waterford  to  Thomastown. 

Carboniferous  Deposits  of  other  parts  of  the  World. 

Our  notice  of  foreign  localities,  in  which  coal  occurs,  must  be 
very  brief;  but  brief  as  it  is,  it  will  show  how  extensively  the  car- 


IN    VARIOUS    PARTS   OF   THE   WORLD.  24j1 

boniferous  series  is  distributed.  On  the  continent  of  Europe  it 
extends  from  its  central  regions  to  the  confines  of  the  Arctic  circle, 
the  coal  and  lignite  of  Spain,  Italy,  and  Greece,  belonging  to  more 
modem  epochs. 

In  France  a  small  coal  field  occurs  at  Litry  and  Bayeaux,  which 
appears  related  to  the  carboniferous  deposits  of  Devonshire,  and 
more  extensive  tracts  are  found  between  Anjers  and  Nantes.  In 
the  centre  and  south  of  France,  in  the  valleys  of  the  Loire,  AUier, 
C reuse,  Dordogne,  Aveyron,  and  Ardeche,  between  ridges  proceed- 
ing from  the  central  primary  group  of  the  Cevennes,  there  are, 
according  to  Mr.  Conybeare,  some  small  coal  basins,  which  rest  im- 
mediately on  those  rocks.  But  the  most  important  carboniferous 
district  is  the  great  coal  field,  or  rather  assemblage  of  coal  fields,  of 
Northern  France  and  Belgium,  which  commences  at  Hardingham, 
near  Boulogne,  and  extending  beneath  the  chalk,  reappears  about 
Valenciennes;  in  the  valleys  of  the  Scheld  and  Mouse;  and  near 
Aix-la-Chapelle. 

On  the  right  bank  of  the  Rhine,  other  coal  fields  occur  near  the 
confluence  of  that  river  with  the  Ruhr,  between  the  Rhine  and  the 
Moselle,  about  Sarrebruck,  and  near  Walmohr,  on  the  banks  of  the 
Glave,  extending  to  its  junction  with  the  Nave. 

The  carboniferous  limestone  of  the  defiles  of  the  Sambre  and  the 
Meuse,  imparts  to  the  scenery  picturesque  features,  closely  resem- 
bling those  of  the  Wye  and  the  Avon.  The  millstone  grit  group, 
in  which  aluminous  shales  predominate,  divides  the  coal  from  the 
limestone  on  the  Meuse,  and  in  Westphah'a,  and  acquires  a  greater 
developement  in  its  course  eastward.  The  old  red  sandstone  is 
represented  by  red  conglomerates  in  Belgium,  but  does  not  occur  in 
Westphalia. 

An  extensive  coal  tract  ranges  for  many  miles  on  the  south-west 
and  south  of  Hanover,  between  Osnabruck  and  Hildesheim. 

On  the  east  of  the  Hartz  Mountains,  near  Ballenstadt  and 
Neustadt,  coal  measures  rest  on  grauwacke  rocks,  and  are  covered 
by  the  poikilitic  formation,  associated  with  porphyry.  Coal  i 
found  in  Saxony,  in  many  places,  on  the  northern  flanks  of  the 
Erzegebirge,  and  is  extensively  worked  near  Zwickau  and  Dresden, 
resting  on,  and  alternating  with,  porphyry,  and  other  igneous  rocks. 
It  is  said,  that  the  coal  formation  occurs  on  the  northern  side  of  the 
primary  chain  of  the  Riesengebirge  and  Carpathian  Mountains,  and 
extends  through  Poland  into  Moldavia  and  Wallachia. 

South  of  the  Erzegebirge  and  Riesengebirge,  in  the  basin  of 
Bohemia,  there  is  an  extensive  coal  field,  bounded  on  the  south  by 
the  great  slate  district  of  Bohemia,  in  which  forty  beds  of  coal  are 
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said  to  be  worked.  Goal  of  good  quality  occurs  in  Southern  Kaasia, 
near  Koula,  but  the  quantity  is  small,  and  the  roof  is  so  bad  as  to 
render  it  of  little  value.  In  Sweden,  it  is  found  at  Helsinburg, 
near  the  entrance  of  the  Baltic,  and  in  the  Island  of  Bomholm, 
where  carbonaceous  deposits  are  associated  with  rocks  of  all  ages, 
from  the  strata  of  this  system  to  those  of  the  supercretaceous  era. 

Coal  of  indifierent  quality  is  worked  on  the  borders  of  the  Per- 
sian Gulf,  and  in  China.  In  India,  good  coal  is  found  in  abundance 
in  Bundelcund,  and  in  most  parts  of  Cutch.  The  collieries  of 
Burdwan,  130  miles  from  Calcutta,  contain  a  seam  three  yards  thick, 
have  been  worked  about  twenty  years,  and  produce  annually  15,000 
tons. 

Coal  is  also  raised  at  Bhaugulpoor,  on  the  Ganges,  and  at  Mer- 
zipoor,  on  the  Hooghly,  forty  miles  from  Calcutta.  The  coal  of  the 
Birman  Empire  is  described  as  of  good  quality.  Collieries  are 
worked  in  Australia  and  in  Van  Dienian^s  Land. 

North  America  contains  extensive  deposits  of  coal.  The  great 
coal  field  of  Pictou,  in  Nova  Scotia,  covers  an  area  of  200  square 
miles.  The  seams  resemble  those  of  Stafibrdshire,  and  one  of  them 
is  said  to  be  forty  feet  thick,  though  only  the  upper  ten  feet  are  con* 
sidered  worth  working.  There  is  also  an  extensive  coal  field,  con- 
taining eight  seams,  which  vary  in  thickness  from  one  foot  to  four, 
though  the  coal  is  considered  inferior  to  the  last  mentioned  district; 
and  numerous  other  parts  of  the  province  afibrd  indications  of  coal. 

At  Cape  Breton  it  occurs  in  abundance,  and  of  good  quality. 
The  Sydney  coal  field  has  been  estimated  to  contain  an  area  of  120 
square  miles  of  valuable  coal,  in  fourteen  beds,  from  three  to  eleven 
feet  thick. 

In  the  United  States  arc  several  extensive  coal  districts,  that  of 
Virginia,  east  of  the  Appalachian  Mountains,  which  supplies  the 
towns  of  Washington  and  Richmond,  extends  for  forty  miles,  with 
a  breadth  of  ten  miles,  surrounded  by,  and  reposing  on,  primary 
rocks. 

Beds  of  coal,  interstratified  with  the  limestone,  sandstone,  and 
shale  of  the  great  secondary  formation  west  of  the  Appalachians, 
extend  from  the  Ohio  to  the  Tombigbee,  in  Alabama,  the  coal  seams 
varying  in  thickness  from  a  few  inches  to  ten  feet.  Sandstone  is 
the  lowest  member  of  the  formation.  At  Wheeling,  on  the  Ohio, 
and  at  Pittsburg,  there  is  a  considerable  consumption  of  coal  for 
manufacturing  purposes.  West  of  the  Missisippi,  beds  of  ironstone 
are  associated  with  the  coal. 

The  southern  parts  of  Chili,  in  South  America,  contain  an 
extensive  coal  field. 


OBQANIC   RE»AI!t8. 


CAHBONIFEBOUS  STMUf. 


Ballntiphoa  hinlciu.  (C^rboDLfiTaa*  iJmaioi 


organic  remains.  247 

Organic  Remains. 

The  rocks  of  this  system  are  extremely  rich  in  organic  remains, 
comprising  zoophytes,  molluscs,  crustaceans,  and  fishes,  of  many 
genera  and  species,  all  the  first,  and  nearly  all  the  three  latter,  being 
marine ;  but  neither  reptiles,  birds,  nor  mammalia,  have  yet  been 
discovered  in  any  rocks  of  this  epoch.  The  plants,  which  occur 
chiefly  in  the  coal  formation,  are  almost  wholly  terrestrial ;  a  few  are 
supposed  to  have  been  aquatic.  The  zoophytes  are  almost,  if  not 
entirely,  confined  to  the  calcareous  portions  of  the  carboniferous 
limestone  formation.  They  are  stated  by  Professor  Phillips  to 
amount  to  84  species,  three  of  which  are  echinida,  and  the  remainder 
polyparia  and  crinoidea,  in  nearly  equal  proportions.  The  last  are  a 
family  now  nearly  extinct  (76 — 79).  Most  of  the  corals  belong  to 
extinct  genera  (80,  81).  Of  339  species  of  molluscs,  326  are  derived 
from  the  carboniferous  limestone,  the  remainder  from  the  coal 
formation,  in  which  occur  the  only  species,  ten  in  number, 
which  can  be  considered  as  belonging  to  fresh-water,  or  estuary 
genera  (82). 

Among  the  conchifera  (bivalves)  of  this  epoch,  the  prevailing 
genera  are  spirifera,  43  species  (83,  84) ;  producta,  38  species 
(85 — 87)  ;  terebratula,  21  species.  The  first  of  these  genera  com- 
menced with  the  Cambrian  rocks,  and  became  extinct  in  the  lias ; 
the  second,  commencing  at  the  same  epoch,  expired  in  the  poikilitio 
era,  and  the  third  continued  through  all  the  fossiliferous  strata,  and 
is  represented  by  15  living  species.  Of  the  cephalopoda*,  the  pre- 
vailing genera  are  orthoceras  28  (88),  bellerophon  23  (89),  nau- 
tilus 26,  and  ammonites  33,  species.  The  first  two  are  peculiar  to 
the  Cambrian,  Silurian,  and  carboniferous  systems.  The  genus 
nautilus  is  found  in  strata  of  all  ages,  being  most  abundant  in  rocks 
of  the  carboniferous  era,  while  it  is  represented  in  the  tertiary  strata 
by  4,  and  in  the  present  seas  by  2  species.  The  genus  ammonites, 
commencing  with  17  species  in  the  fossiliferous  strata  below  the 
carboniferous,  attained  its  greatest  developement  (164  species)  in  the 
oolitic  system,  and  terminated  with  the  cretaceous  group  (gonia- 
tites,  90)  i*.  Of  crustaceans  the  family  of  trilobites,  so  numerous  and 
varied  in  the  Silurian  strata,  ceased  with  the  carboniferous  era, 
while  the  genera  palinurus,  astacus,  pagurus,  and  cancer,  of  more 
modem  epochs,  are  unknown  in  it. 

*  Molluscs  having  the  organs  of  progression  arranged  round  the  head,  as  the 
arms  of  the  sepia  or  cuttle-fish.  Their  sheUs  are  in  general  divided  into  separate 
chambers,  as  in  the  nautilus.  The  extinct  genus  bellerophon  is  unchambered, 
like  the  modem  argonauta  or  paper  nautilus. 

t  Goniatltes,  a  section  of  ammonites,  peculiar  to  the  Silurian  and  carboniferou« 
strata. 
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Peculiar  Structure  of  Fishes  of  this  System. 

The  fishes  of  the  carboniferous  system  are  found  chiefly  in  Caith- 
ness and  Forfarshire,  in  the  old  red  sandstone,  and  at  Burdie  House, 
near  Edinburgh ;  at  Leeds,  Bradford,  and  Manchester,  in  the  coal 
formation.  They  belonged  to  the  placoid  and  ganoid  orders  of 
Agassiz,  which  prevailed  exclusively  till  the  cretaceous  epoch. 
These  distinctions  are  founded  on  the  form  and  composition  of  the 
scaly  covering,  which  will  be  explained  hereafter,  when  treating  of 
the  introduction  of  the  two  new  orders  of  ctenoidians  and  cycloidians 
during  that  period.  The  fishes  of  the  carboniferous  system  are 
nearly  all  distinguished  by  a  peculiarity  of  structure  in  the  tail, 
called  heterocercal  (93),  that  is,  it  is  divided  into  two  unequal 
lobes,  as  in  the  shark  and  sturgeon,  instead  of  terminating  in  two 
equal  lobes,  as  in  the  salmon,  or  in  a  single  rounded  lobe,  as  in 
the  wrasse ;  and  the  vertebral  column  is  continued  into  the  upper 
lobe  of  the  tail,  which  is  the  largest.  This  structure  becomes  more 
rare  after  the  deposition  of  the  magnesian  limestone.  The  homo- 
cereal  structure  or  tail  (94),  terminating  in  two  equal  lobes,  the 
vertebral  column  not  prolonged  into  either  of  them,  prevails  among 
living  fishes. 

The  largest  fishes  of  the  carboniferous  system  belonged  to  a  pre- 
daceous  family,  named  by  Agassiz  sauroid.  They  were  not,  how- 
ever, intermediate  between  reptiles  and  fishes,  but  were  true  fishes^ 
in  which  the  close  sutures  of  the  skull,  the  character  of  the  covering, 
the  conical  teeth,  striated  longitudinally,  and  the  articulation  of  the 
spinous  processes  with  the  vertebrse,  presented  analogies  to  the  orga- 
nization of  saurians.  The  only  living  representatives  of  these  sauroid 
fishes  are  the  genera  lepidosteus  and  polypterus,  containing  between 
them  7  species.  The  former  inhabits  the  rivers  of  North  Ame- 
rica, the  latter  is  found  in  the  Nile,  and  the  rivers  of  Senegal. 
In  these  living  genera  the  air-bladder  approaches  the  character  of 
lungs,  being  bifid  and  cellular,  and  they  have  a  glottis  in  the  throat, 
thus  exhibiting  further  analogies  to  the  structure  of  saurians.  The 
old  red  sandstone  of  Scotland  has  afforded  fishes  of  a  singular  genus, 
named  cephalaspis  (95),  from  the  buckler  which  covers  the  head. 
Fragments  of  these  shields  had  been  mistaken  for  parts  of  the  shell 
of  a  tortoise,  and  the  general  appearance  of  entire  specimens  had 
caused  them  to  be  considered  trilobites  of  the  genus  asaphus,  until 
their  true  nature  was  pointed  out  by  Agassiz. 

Four  distinct  Fossil  Floras. 
The  fossiliferous  strata  have  been  divided  by  botanists  into  four 
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epoolm,  distinguished  by  peculiar  groups  of  yegetable  remains..  The 
first  terminates  with  the  carboniferous  system ;  the  second  belongs 
to  the  poikilitic  system ;  the  third  includes  the  oolitic  and  cretaceous 
deposits ;  the  fourth  is  the  tertiary  epoch.  The  floras  of  the  car- 
boniferous and  the  tertiary  systems  are  the  best  known,  and  have 
afforded  the  greatest  number  of  species.  The  first  exhibits  the 
greatest  deviation  from  existing  types,  while  in  the  tertiary  strata 
the  forms  of  the  dicotyledonous  plants,  which  now  prevail  upon  the 
earth,  first  become  at  all  abundant. 

VegetaHon  ofihe  Carboniferoui  Era. 

The  fossil  phints  of  this  system  are  principaUy  confined  to  the 
coal  formation.  The  seams  of  coal  are  composed  of  their  accumu- 
lated remains,  and  they  are  also  found  dispersed  through  the  shales 
and  sandstones  of  the  coal  formation,  of  the  millstone  grit,  and  of 
the  limestone,  when  divided  by  arenaceous  and  argillaceous  alter- 
nations, but  are  rare  in  the  old  red  sandstone,  and  still  more  so  in 
the  undivided  limestone.  In  the  shale  they  are  better  preserved 
than  in  the  coal.  The  species  at  present  discovered  amount  to  300, 
consisting  of  20  equisetaceffi,  100  filices,  or  ferns,  60  lycopodiace®, 
10  phanerogamous  monocotyledons,  10  conifers,  60  cactaceae,  and 
50  indeterminate. 

Palms. 

Palms  are  among  the  most  rare  of  the  coal  plants.  No  trunks 
have  been  found,  but  the  impressions  of  the  leaves  are  sometimes 
met  with.  Their  fruit  (trigonicarpum)  is  more  abundant,  occurring 
in  clusters  of  contiguous  but  separate  nuts,  which  appear  to  have 
lain  in  water  till,  the  soft  integument  having  rotted,  they  fell  asunder 
and  were  buried  in  the  mud. 

Coniferw. 

Wood  retaining  its  texture  exists  in  considerable  quantities  in 
a  mineralized  state  in  the  coal  beds,  and  when  reduced  to  thin  slices 
and  examined  under  a  high  magnifying  power,  is  found  in  general 
to  have  a  structure  analogous  to  that  of  existing  conifersB.  Some 
has  been  considered  identical  with  it  and  referable  to  the  genus 
pinus  and  araucaria. 

Ferns. 

These  are  the  most  abundant  plants  of  the  coal  shales,  and  are 
those  which  have  the  greatest  resemblance  to  existing  types.  From 
the  absence  ot  the  fructification,  the  genera  (pecopteris,  neuropterisi 
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sphenopteris,  &c.)  into  which  they  have  been  divided  by  the  culti- 
vators of  fossil  botany,  are  characterized  by  the  branching  of  the 
fronds  and  the  disposition  of  their  nervures  or  veins  (96 — 101). 

SiffiUaricH, 

Large  stems  are  occasionally  found  accompanying  these  leaves 
of  ferns.  They  are  destitute  of  leaves,  from  six  inches  to  five  feet 
in  diameter,  and  sometimes  forty  or  fifty  feet  long.  To  these  the 
name  of  Sigillaria  has  been  given.  In  the  shale,  where  they  lie^ 
parallel  to  the  strata,  they  are  generally  squeezed  flat;  in  the  sand- 
stone, where  they  are  erect  or  inclined  to  the  stratification,  the  bark 
is  converted  into  coal,  surrounding  columns  of  sandstone  which 
contain  fragments  of  leaves  and  branches  of  ferns.  These  stems 
must,  therefore,  have  been  hollow  (102).  They  have  been  supposed 
to  be  tree-ferns.  That  division  of  sigillarise  to  which  Professor 
Lindley  has  given  the  name  of  caulopteris  (103),  is  distinguished 
by  having  their  exterior  marked  with  oblong  scars  of  considerable 
size,  much  wider  than  the  spaces  which  separate  them,  and  having 
their  surface  interrupted  irregularly  by  projecting  points.  These 
appearances  arise  from  the  manner  in  which  the  woody  parts  of  the 
leaves  were  connected  with  the  stem,  and  there  can  be  little  doubt 
that  the  trunks  on  which  these  impressions  are  found  belonged  to 
arborescent  ferns,  the  existing  genera  of  which  are  marked  with 
similar  scars,  produced  by  the  fall  of  the  fronds;  but  the  inference 
cannot  be  considered  equally  well  established  with  respect  to  that 
more  numerous  section  of  sigillarise  in  which  the  stem  is  marked  by 
flutings  with  a  single  row  of  scars  between  them  (104).  It  is  more 
than  probable  that  they  were  eacti,  to  which  they  have  also  been 
compared. 

Lepidodendra^ 

Which  are  very  common  in  the  coal  measures,  are  considered 
analogous  to  lycopodia,  or  club  mosses.  They  occur  as  impressions 
in  the  shale,  covered  with  lozenge-shaped  spaces,  disposed  in  a 
spiral  manner,  or  by  scale-like  leaves,  the  fall  of  which  is  supposed  to 
have  produced  these  spaces  (105).  Some  of  them  are  no  larger  than 
existing  lycopodia;  others  have  been  found  with  stems  forty  or  fifty 
feet  long,  and  four  feet  in  diameter.  Existing  lycopodia,  of  which 
there  are  200  species,  abound  in  the  torrid  zone,  and  these  attain 
their  greatest  size,  but  that  does  not  exceed  a  height  of  about  four 
feet.  Some  botanists  have  supposed  the  fossil  lepidodendra  not  to 
have  been  lycopodia,  but  coniferous  trees,  analogous  to  the  araucaria, 
or  Norfolk  Island  pine,  a  conjecture  which  acquires  probability  from 
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the  discorerj,  already  mentioned,  that  aome  of  the  specimens  of 
fossil  coniferous  wood  are  nearly  identical  with  the  wood  of  that 
genus. 

CalamitiB 

Usually  occur  as  short-jointed,  cylindrical,  or  compressed  frag- 
ments, which  have  been  hollow,  and  are  sometimes  filled  with  the 
substance  by  which  they  have  been  mineralized  (106).  The  exterior 
is  marked  with  longitudinal  striae,  and  sometimes  partially  covered 
with  a  bituminous  coating,  the  remains  of  bark.  One  of  the  extre- 
mities tapers  to  a  point,  which  is  supposed  to  be  the  summit;  the 
other,  which  terminates  abruptly,  is  considered  the  root  end. 

They  were  referred  by  Brongniart  to  the  tribe  of  eqnisetacess,  or 
horse-tails,  the  species  of  which  are  most  abundant  in  the  temperate 
zone,  and  arrive  at  their  greatest  magnitude  under  the  tropics,  where 
they  attain  a  height  of  two  or  three  feet,  and  a  diameter  of  about 
an  inch;  whereas  calamites  are  frequently  six  or  seven  inches  in 
diameter,  and  a  few  specimens  have  been  found  double  that  size. 

The  presence  of  a  cortical  covering  is  a  proof  that  they  were  not 
even  of  the  same  natural  class  as  the  equisetacese,  and  botanists  now 
consider  them  as  belonging  to  a  race  of  plants  entirely  extinct. 

StigmaricB 

Are  among  the  most  abundant  plants  of  the  coal  formation. 
They  are  usually  found  as  fragments  of  an  irregularly  compressed 
roundish  form,  apparently  portions  of  branches,  the  surface  of  which 
is  covered  with  tubercles  spirally  arranged  and  having  small  cavities 
in  their  centres.  From  these  cavities  long  ribandnshaped  appen- 
dages  have  been  traced  for  many  feet,  penetrating  the  surrounding 
sandstone  and  shale  in  all  directions.  These  fragments,  sections  of 
which  exhibit  an  internal  structure  different  from  that  of  any  known 
tree,  have  been  recently  proved  by  Mr.  Hutton  to  have  been  derived 
from  large  dome-shaped  bodies,  from  the  margin  of  which  proceed 
horizontal  branches,  varying  in  number  from  nine  to  fifteen,  spreading 
downwards,  and  usually  divided  into  two  arms.  They  are  generally 
broken,  the  longest  at  about  four  feet  from  the  stem,  but  when 
perfect  were  probably  much  longer.  It  has  been  conjectured  by 
Dr.  Buckland  that  these  stigmari®  were  succulent  aquatics,  which 
trailed  in  swamps  or  floated  in  still  or  shallow  water*. 

Climate  of  the  Carboniferous  Epoch. 

Such  then  was  the  vegetation  of  the  carboniferous  era.  Abound- 
ing to  an  astonishing  degree  in  individuals,  it  presents  but  little 

*  Bridgewater  TreoHse, 
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variety.  -  A  few  palms  and  coniferse,  an  immense  quantity  of  fernf 
and  lycopodiacesB,  constituting  a  third  of  the  entire  flora,  are  those 
plants  which  approach  most  nearly  to  existing  tribes.  Calamites, 
sigillarise,  and  stigmarise,  with  a  few  others,  are  those  in  which  no 
analogy  to  our  present  races  of  plants  can  be  satisfactorily  traced. 
It  contains  no  lichens  nor  fimgi,  no  grasses,  none  of  those  herbs  and 
shrubs  so  numerous  at  present  on  the  earth,  and  no  traces  of  endo- 
genous trees.  From  this  it  has  been  inferred  that  the  earth  in  its 
earlier  ages  was  clothed  with  a  less  varied  vegetation  than  now; 
and  since  palms,  ferns,  and  lycopodiacese,  are  the  prevailing  plants 
of  the  torrid  zone,  and  the  two  latter  delight  in  moisture  as  well  as 
heat,  the  preponderance  of  these  in  the  flora  of  the  carboniferous 
era  has  been  appealed  to  as  a  proof  that  a  damp  and  hot  climate 
like  that  of  the  tropics  prevailed  during  that  era  over  the  northern 
regions  of  Europe  and  America. 

Calamites  and  sigillarise  being  regarded  as  gigantic  equisetse  and 
tree-ferns,  the  same  inference  has  been  drawn  from  their  abundance 
in  the  coal  strata.  Both  conclusions  have  been  controverted,  and  it 
has  been  contended  that  this  want  of  variety  in  the  fossil  flora 
might  arise,  not  so  much  from  the  limited  diversity  existing  in  the 
vegetation  of  this  ancient  epoch,  as  from  the  greater  destructibility 
of  the  absent  tribes  by  long  immersion  in  water;  and  in  support  of 
this  argument  an  experiment  has  been  adduced  which  was  made  by 
Professor  Lindley.  Having  kept  177  plants  immersed  in  water  for 
two  years,  among  which  were  species  of  all  the  orders  which  occur 
in  the  carboniferous  strata,  and  species  representing  the  remaining 
orders  and  families  at  present  existing,  he  found  that  in  that  time  all 
had  entirely  decayed  except  the  ferns,  palms,  lycodiaceae,  and  coni- 
ferse.  The  fructification  of  the  ferns  had  also  disappeared,  while 
the  nervures  and  the  leaves  remained,  conditions,  it  will  be  remem- 
bered, under  which  they  are  found  in  the  coal  measures. 

On  the  other  hand,  it  is  improbable  that  the  coal  plants  remained 
suspended  in  water  for  a  year  or  two.  They  were  most  likely 
rapidly  enveloped  in  the  sediment,  carried  down  by  the  rivers  which 
floated  them  into  bays  and  estuaries,  and  the  destruction  of  the 
fructification  of  the  ferns  may  have  taken  place  after  they  were 
imbedded  in  the  sand  and  mud.  Neither  is  there  any  reason  for 
supposing  that  the  plants  found  in  the  tertiary  strata  were  deposited 
under  different  circumstances,  as  regards  immersion  in  water,  from 
those  of  the  carboniferous  era,  and  yet  in  these  more  recent  strata 
we  have  abundance  of  the  wood  of  dicotyledonous  plants  and 
impressions  of  their  leaves,  while  the  proportion  of  ferns  is  small. 
If,  therefore,  at  the  time  the  carboniferous  strata  were  deposited, 


ORIGIN    OP   CARBONIFEROUS   STRATA.  257 

dicotyledons  bore  the  same  proportion  to  ferns  and  lycopodiaceae 
which  they  bore  during  the  tertiary  era,  they  must  have  left  some 
traces  of  their  forms  in  the  shale  and  sandstone,  as  they  have  in 
those  more  modem  deposits. 

Again,  as  regards  climate,  admitting  calamites  and  sigillarise 
not  to  have  been  gigantic  equisetse,  and  putting  them  out  of  the 
question,  as  plants  in  which  we  cannot  trace  sufficient  analogy  to 
existing  forms  to  warrant  us  in  founding  inferences  as  to  climate 
upon  them;  yet  the  abundance  of  the  fern  tribe,  the  presence  of 
undoubted  arborescent  ferns  (caulopteris),  and  of  palms,  the  character 
of  the  coniferse,  their  analogy  to  the  quasi  tropical  genus  araucaria, 
and  the  absence  of  those  coniferse,  which  now  abound  in  the  forests 
of  cold  regions,  justify  the  conclusion  that  the  plants  of  the  coal 
series  grew  under  a  high  temperature,  on  land  diversified  with  low 
islands,  arid  plains,  and  mountain  slopes.  On  the  first,  according 
to  existing  analogies,  the  ferns  and  lycopodiae  would  flourish,  the 
second  would  support  the  palms  and  cacti,  and  the  third  would  be 
clothed  with  forests  of  coniferse. 

The  high  state  of  preservation  in  which  the  plants  are  found, 
with  the  exception,  perhaps,  of  those  of  Melville  Island,  precludes 
the  supposition  of  their  having  been  drifted  from  any  great  distance 
by  oceanic  currents,  like  the  tropical  fruits  and  wood  sometimes  cast 
upon  the  coasts  of  Ireland  and  Norway,  and  it  becomes  difficult  to 
avoid  the  conclusion  that,  during  the  formation  of  the  carboniferous 
strata,  the  earth  was  exempt  from  local  peculiarities  of  climate,  but 
was  subject  to  a  general  superficial  heat  prevailing  at  the  same  time 
over  the  latitudes  of  the  north  of  Europe,  Greenland,  North 
America,  and  Australia.  The  same  conclusion  may  be  drawn  from 
the  consideration  of  the  marine  remains, — lamelliferous  corals, 
crinoidea,  and  large  chambered  cephalopoda,  which  are  so  abundant 
in  the  carboniferous  limestone,  in  every  part  of  the  world  where  it 
has  yet  been  found,  are  all  characteristic  of  the  seas  of  hot  climates. 

Origin  of  the  Carboniferous  Strata. 

Having  thus  satisfied  ourselves  as  to  the  climate  of  the  car- 
boniferous era,  by  a  comparison  of  its  fossils  with  their  living 
analogues,  we  may  next  inquire  by  what  means  the  terrestrial 
remains  became  interstratified  with  deposits  containing  marine 
exuviae.  Were  the  seams  of  coal,  as  contended  by  Brongniart  and 
De  Luc,  of  the  nature  of  peat-bogs,  formed  on  the  land  from  the 
decay  or  destruction  of  forests,  or  did  they  residt  from  the  waste  of 
those  forests,  rolled  down  by  great  rivers  like  the  Missisippi  and 
other  American  waters,  which  bear  annually  to  the  sea  immense 
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masses  of  trees,  covering  its  bed  near  their  embouchores  with  sedi- 
ment and  drift  timber,  arranged  in  alternating  beds  like  the  coal, 
shales,  and  sandstones  of  the  carboniferous  strata! 

The  second  hypothesis  appears  preferable,  as  a  general  exfJana- 
tion,  though  the  first  may  be  applicable  to  particular  cases.  Of 
these  cases,  one  of  the  most  remarkable  is  that  discovered  by  Mr. 
Hawkshaw  in  an  excavation  for  the  Manchester  and  Bolton  rail- 
way, of  five  trees,  in  a  vertical  position  with  respect  to  the  plane 
of  the  bed  in  which  they  stand,  which  dips  at  an  angle  of  about 
15^.  The  roots,  large  and  strong,  and  spreading  nearly  four  feet  in 
circumference,  are  imbedded  in  a  soft  shale,  immediately  beneath  a 
thin  seam  of  coal.  Beneath  this  coal,  and  at  the  base  of  one  tree, 
more  than  a  bushel  of  hard  clay  nodules  was  found,  each  inclosing 
one  cone  of  Lepidostrobue  variabilis.  The  bark  of  the  trees  was 
converted  into  coal  from  one  quarter  to  three-quarters  of  an  inch 
thick.  The  interior  of  the  trunks  was  filled  with  shale.  The 
largest  was  15^  feet  in  circumference  at  the  base,  7^  feet  at  the  top, 
and  its  height  11  feet.  These  trees  have  not  been  removed  from  the 
position  in  which  they  were  found,  and  have  been  covered  by  a  shed 
to  protect  them  from  the  weather*. 

The  manner  in  which  thin  partings,  such  as  the  Heworth 
Band  and  the  Flying  Reed,  in  the  midst  of  the  larger  coal  seams, 
expand,  in  the  space  of  a  few  miles,  into  beds,  many  feet  or 
even  fathoms  in  thickness,  is  analogous  to  the  deposits  in  the  deltas 
of  rivers,  and  furnishes  one  strong  argument  against  the  accu- 
mulation of  the  coal  strata  upon  the  land.  Another  is  found  in 
the  numerous  alternations  of  marine  strata  with  the  seams  of  coal ; 
since,  in  order  to  explain  these,  we  should  require  from  twenty  to 
sixty  depressions  of  the  land^  and  as  many  re-elevations  of  it,  in 
order  to  allow  the  supposed  peat-bogs  to  be  covered  by  deposits, 
containing  marine  remains ;  and  of  these  repeated  alternations  and 
depressions,  the  coal  strata  furnish  no  independent  evidence.  The 
frequent  occurrence  of  the  trunks  of  sigillarisd,  in  positions  either 
perpendicular  to  the  planes  of  stratification,  or  much  inclined  to 
them,  has  been  appealed  to  in  favour  of  the  theory  of  Brongniart 
and  De  Luc ;  but  there  is  rarely  any  proof  of  their  being  actually 
rooted  on  the  place  of  their  growth.  The  roots,  when  they  have 
roots  attached,  are  not  in  general  all  in  the  same  stratum,  and  that  of 
a  different  composition  from  the  rest  of  the  deposit,  Uke  the  dirt  bed 
of  the  Isle  of  Portland  in  the  oolitic  formation,  but  they  occur  at 
different  levels ;  and  sandstone,  precisely  the  same  as  that  in  which 
the  upper  parts  of  the  trunks  are  imbedded,  envelopes  the  base. 
In  fact,  these  upright  and  oblique  stems  offer  analogies  to  the  snags 

*  Proceedings  qf  GeohffieaJ  Society,  vol.  iii.,  p.  140. 
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and  sawyers  so  dangerous  to  vessels  navigating  the  American  rivers ; 
and  thus  tend  to  confinn  the  hypothesis  they  are  adduced  to  invali- 
date. Those  rivers  frequently  undermine  portions  of  their  banks, 
together  with  the  trees  growing  on  them  ;  and  some  of  them  sink- 
ing with  their  roots  downwards,  become  fixed  in  the  mud  and  sand 
in  an  oblique  position.  In  confirmation  of  this  view,  we  may  cite 
the  case  of  a  group  of  sigillarise,  discovered  by  Mr.  Buddie,  in  one 
of  the  Newcastle  collieries,  and  of  which  he  exhibited  a  drawing 
in  the  geological  section  of  the  British  Association  at  Newcastle. 
In  that  group  some  of  the  trunks  were  nearly  vertical,  others  were 
horizontal.  The  former  had  roots  attached,  the  latter  had  not.  The 
trunks  of  sigillarise  are,  however,  sometimes  found  in  an  upright 
position  without  roots, — a  circumstance  equally  difficult  of  expla- 
nation under  either  hypothesis. 

Supposing,  then,  that  the  plants  of  the  coal  measures  were 
floated  down  by  rivers,  and  deposited  in  the  sea,  the  minor  alterna- 
tions of  strata,  containing  marine  and  terrestrial  exuviae,  will  be 
best  explained  by  the  occasional  prevalence  of  fresh  water  in  bays 
and  estuaries  during  periodical  inundations ;  but  when  we  find  large 
masses  of  calcareous  rock,  containing  exclusively  marine  shells  and 
beds  of  coral,  interstratified  with  coal,  we  must  have  recourse  to 
those  movements  of  the  bed  of  the  sea,  of  which  we  shall  find 
conclusive  evidence  in  more  recent  formations. 

The  excessive  luxuriance  of  the. vegetation  of  this  epoch  is  a 
remarkable  fact,  which  M.  Brongniart  has  endeavoured  to  explain 
by  supposing  the  atmosphere  to  have  contained  more  carbonic  acid 
than  at  present ;  and  the  conjecture  is  opposed  to  no  chemical  or 
physical  law.  It  is  uncertain  whether  the  proportion  of  carbonio 
acid  in  the  atmosphere  is  constant  even  now;  were  all  the  carbon 
in  the  coal  converted  into  carbonic  acid,  and  were  the  whole  of  that 
gas  which  enters  into  the  combination  of  the  carboniferous  lime- 
stone* set  at  liberty,  it  must  add  considerably  to  the  quantity  con- 
tained in  the  atmosphere ;  carbonic  acid  is  favourable  to  the  growth 
of  vegetables,  and  prejudicial  to  the  life  of  warm-blooded  animals ; 
and  during  the  period  of  this  rank  and  luxuriant  vegetation,  we^have 
no  proof  of  the  existence  of  a  single  animal  breathing  air  by  means 
of  lungs. 

IgneouB  Rock$  of  the  Carboniferous  Epoch. 

Igneous  rocks  are  extensively  associated  with  the  deposits  of  the 
carboniferous  series,  both  in  overlying  masses,  in  stratiforms  beds, 

*  Sixteen  thoiunnd  cubic  feet  to  the  cubic  yard  of  limcetone.    De  La  Bechz, 
Iie$€areh€9  in  Theoretical  Geology. 
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alternating  with  the  sedimentary  strata,  and  in  dikes  which  have 
pierced  through  them.  The  prevalent  minerals  in  these  rocks  are 
hornblende  and  augite,  and  their  varieties ;  felspar  porphyry  being 
much  more  rare  than  in  the  Cambrian  and  Silurian  systems. 

The  exact  epoch  when  this  igneous  matter  was  ejected  is  not 
easily  determined.     When  occurring  in  stratiform  masses  between 
beds  of  carboniferous  limestone,  like  the  whin-sill  of  the  north  of 
England  and  the  toadstones  of  Derbyshire,  it  must  have  flowed  as 
currents  of  submarine  lava,  contemporaneous  with  the  formation  of 
the  limestone.     Of  overlying  masses,  all  that  can  be  determined  is, 
that  they  are  more  recent  than  the  rocks  which  they  cover, — how 
much  more  recent  cannot  be  ascertained;  and  the  same  remark 
applies  to  dikes,  except  when  they  traverse  certain  strata,  but  do  not 
penetrate  others,  like  the  Quarrington  dike  in  the  county  of  Dur- 
ham, which  cuts  the  coal  but  not  the  superincumbent  magnesian 
limestone.     Yet,  even  in  such  cases,  the  conclusion  that  the  dike  is 
older  than  the  overlying  rock  is  not  always  safe,  for  the  igneous 
matter  may  have  been  ejected  subsequently  to  the  formation  of  the 
superior  stratum,  which  accidental   circumstances  may  have  pre- 
vented it  from  penetrating.     In  England,  dikes  traversing  deposits 
more  recent  than  those  of  the  carboniferous  system  are  rare.     In 
Ireland  basaltic  rocks  have  overflowed  a  great  area  of  chalk.     In 
Sky,  Mull,  and  others  of  the  Hebrides,  they  cover  rocks  of  the  age 
of  the  lias.     Trap  rocks  of  every  variety  are  found  associated  with 
the  great  coal  field  of  the  Forth  and  Clyde.     The  Sidlaw  Hills, 
north  of  the  Frith  of  Tay,  the  Ochill  and  the  Campsie  Hills^  in 
their  range  from  its  southern  shores,  by  Perth  and  Stirling  to  Dun- 
barton,  and  in  their  expansion  between  Greenock,  Ardrossan,  and 
Kilmarnock,  with  the  Haugshaw  and  Pentland  Hills,  are  princi- 
pally composed  of  these  rocks;  besides  detached  masses,  some  of 
them  of  considerable  size,  which  are  found  about  Montrose  and 
Arbroath,  near  Cupar  and  Kinghom,  in  Fifeshire,  at  Dunbar  and 
Tantallon,  on  the  opposite  shores  of  the  Forth,  near  Linlithgow,  in 
various  parts  of  Ayrshire,  and  in  the  Isle  of  Arran.     That  island 
is  celebrated  for  the  number  of  its  dikes,  and  the  variety  of  their 
composition, — ^basalt,   greenstone,    pitchstone,   trachytic  porphyry, 
claystone,  and  claystone  porphyry.    In  all  these  localities  they  pierce 
or  cover  the  coal,  or  the  old  red  sandstone,  but  for  the  reasons  before- 
mentioned  they  may  have  been  produced  by  many  repetitions  of 
igneous  outbursts,  some  of  which  may  have  been  contemporaneous 
with  those  which,  in  the  Hebrides  and  Ireland,  took  place  after  the 
deposition  of  the  lias  and  the  chalk. 

In  England,  the  principal  masses  of  igneous  rocks,  conneoted 
with  the  carboniferous  deposits,  are  the  porphyry  of  the  Cheviot8» 
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the  stratiform  greenstone  and  basalt  of  the  whin-sill  of  the  north  of 
England,  and  the  toadstone  of  Derbyshire.  The  whin-sill  may  be 
traced  from  the  sea  coast  north  of  Alnwick  to  the  South  Tyne,  and 
thence  along  the  western  face  of  the  Penine  chain  nearly  to  Brough, 
and  down  the  Tees  to  Middleton. 

The  coal  fields  of  Durham  and  Northumberland  abound  with 
basaltic  dikes,  while  those  of  Yorkshire,  Derbyshire,  and  Lanca^ 
shire  are  free  from  them.  Igneous  rocks  appear  again  in  the  coal 
fields  of  Staffordshire,  Shropshire,  and  Warwickshire.  A  basaltic 
dike  occurs  in  Birchill  Colliery,  near  Walsall.  The  hill  of  Rowley, 
near  Dudley,  and  the  Titterstone  Clee  Hill,  are  capped  by  masses 
of  basalt.  Mr.  Bakewell,  many  years  since,  described  the  latter  as 
connected  with  a  great  dike,  and  pointed  out  its  effects  in  charring 
the  coal ;  and  Mr.  Murchison  has  since  confirmed  his  description. 
Trap  occurs  in  protruded  bosses  among  the  carboniferous  strata  of 
Coalbrook  Dale,  and  in  masses  apparently  interstratified  with  the 
coal  at  Griffe,  in  Warwickshire.  In  some  of  these  localities  the 
igneous  rocks  have  effected  those  changes  in  the  sedimentary  strata 
near  the  point  of  contact,  which  have  been  described  as  produced 
among  the  Silurian  rockB  by  the  same  agency,  hardening  shales 
and  sandstones  and  converting  them  into  flinty  slate  and  jasper, 
charring  coal,  and  at  Cunmook,  in  Ayrshire,  changing  it  into  plum- 
bago, rendering  Umestone  crystalline,  and  in  the  cases  already  noticed 
in  Anglesey  and  Teesdale  producing  garnets  in  the  shale.  There 
are,  however,  many  instances  in  which  no  change  has  been  effected 
in  the  aqueous  strata,  and  this  has  probably  arisen  from  diversity  in 
the  circumstances  under  which  the  trap  was  ejected,  and  from  the 
varying  composition  of  the  sedimentary  rocks,  which  rendered  them 
more  or  less  susceptible  of  the  action  of  heat. 

Mineral  Veins, 

These  are  rarely  found  in  Britain  in  the  old  red  sandstone,  if  we 
except  the  rocks  of  Devon  and  Cornwall,  which  are  referred  to  this 
era,  or  in  the  coal  formation,  but  the  carboniferous  limestone  is  highly 
metalliferous  in  those  parts  which  are  in  the  vicinity  of  axes  or  cen- 
tres of  disturbance,  like  the  mining  districts  of  the  Penine  chain,  of 
Derbyshire,  Flintshire,  and  the  Mendip  Hills,  while  veins  are  com- 
paratively rare  in  those  tracts  which,  like  the  greater  part  of  Ireland, 
have  been  little  affected  by  dislocations.  Lead,  copper,  and  zinc, 
are  the  prevailing  minerals,  of  which  lead  is  the  most  abundant,  full 
two-thirds  of  the  produce  of  Britain  being  raised  from  this  formation. 
The  ores  occur  as  the  sulphuret,  carbonate,  and  phosphate  of  lead ; 
sulphuret,  carbonate,  and  oxide  of  copper ;  sulphuret,  carbonate,  and 
oxide  of  zinc,  associated  with  calcareous  spar,  fluor  spar,  arragonite, 
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telenite,  carbonate  and  sulphate  of  baryta,  sulphate  of  strontian, 
crystals  of  quartz,  and  iron  pyrites.  It  is  a  very  rare  circumstance 
for  the  same  district,  and  still  more  rare  for  the  same  mine,  to  be 
rich  in  both  lead  and  copper. 

Red  hsematitic  iron  is  extensively  worked  at  Ulverstone,  and 
other  places  in  the  north  of  England,  where  it  occurs  in  beds  subor- 
dinate to  the  carboniferous  limestone  associated  with  pearl  spar  and 
carbonate  of  iron. 

Veins  are  more  recent  than  the  Strata  they  traverse. 

The  mining  districts  of  the  carboniferous  series,  where  the  phe- 
nomena of  the  veins  are  less  complicated  by  the  intersection  of 
numerous  sets  of  them,  and  where  the  stratification  of  the  contain- 
ing rocks  is  more  apparent  than  in  Comwal],  furnish  conclusive 
evidence  against  an  opinion  prevalent  among  the  practical  miners  of 
that  county,  that  all  metallic  veins  are  of  one  age  and  contempora- 
neous with  the  formation  of  the  rocks  in  which  they  occur.  A 
vein  which  traverses,  as  at  Alston  Moor,  &c.,  a  series  of  fossiliferous 
shales,  grits,  and  limestones,  successively  deposited,  must  be  more 
recent  than  the  lower  beds  traversed  by  it,  and  the  evidence  of  sub- 
sequent origin  becomes  complete  when  a  string  of  metal,  as  is  often 
the  case,  passes  through  a  fossil  shell  or  encrinite. 

In  the  north  of  England  the  most  prevalent  veins  are  those 
having  a  direction  nearly  n.  and  s.,  or  what  are  called  the  ^^  cross- 
courses  i^  the  richest  are  the  ^'  right  veins,^^  or  those  running  e.  and 
w.,  or  rather  a  little  n.  of  e.  and  s.  of  w.  The  cross-courses  in 
most  recent  cases  divide  and  dislocate  the  right  veins,  and  are 
occasionally  productive  near  the  point  of  intersection.  The  veins 
are  almost  always  accompanied  by  faults  in  the  strata,  and  the  plane 
^ 107  of  dislocation  hades  or  dips  so 

*    " "   *  as  to  pass  under  the  depressed 

—^  ^  ^^  „-  -^       portion,  as  in  the  annexed  dia- 

w^s^^^^^^^lS  '^-^  T^ graD^»  where  a  is  the  depressed 

^Si^^^S\  or  downcast    portion  of   the 

^^^^^^^  strata,  b  the  upcast  portion,  cc 
^  the  plane   of   dislocation   in- 

clined to  the  perpendicular,  so  as  to  dip  under  the  downcast  side. 

The  hade,  or  dip,  varies  in  strata  of  different  quality,  being  most 
nearly  vertical  in  solid  rocks,  such  as  limestone  and  hard  grit,  and 
least  so  in  argillaceous  strata. 

The  Productiveness  of  Veins  in  different  Rocks, 

Veins  are  also,  in  the  north  of  England,  most  productive  in  the 
consolidated  calcareous  and  siliceous  beds,  but  nip  or  are  contracted 
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in  the  shale.  Their  productiveness  also  depends  on  the  nature  of 
rocks  opposed  to  each  other  on  the  different  sides  or  cheeks  of  a  vein 
by  displacement  of  the  strata.  Professor  Phillips*  gives  the  fol- 
lowing formula  as  representing  the  favourable  and  unfavourable 
conditions  dependent  on  this  circumstance. 

Side  A.  Vein.  Side  B. 

Aigillaceous.  Unproductive  and  narrow.  Argillaceous. 

Ai^llaceouB.  Partially  contracted  and  poor.  Gritstone  or  limestone. 

Gritstone.  Irregular  in  its  produce.  Gritstone  or  limestone. 

Limestone.  Most  productive.  Limestone. 

It  was  at  one  time  supposed  that  the  toadstone  of  Derbyshire 
cut  off  the  metalliferous  veins  of  the  limestone  strata,  and  was 
therefore  of  subsequent  origin;  but  this  is  not  invariably  the  case, 
though  the  veins  in  their  passage  through  it  are  reduced  in  general 
to  thin  strings  poor  in  ore.  In  some  of  the  mines  of  Derbyshire 
they  have  been  profitably  worked  in  the  toadstone,  and  the  whin- 
sill  of  Northumberland  and  Yorkshire  is  very  productive  in  ore. 

Springs, 

The  caverns,  with  which  the  carboniferous  limestone  abounds, 
are  frequently  the  channels  of  subterranean  rivers,  conducted  into 
them  through  fissures,  which  are  very  abundant,  and  which  receive 
not  only  the  water  which  falls  from  the  atmosphere,  but  engulph 
many  of  those  streams  which,  having  their  rise  in  other  strata,  flow 
over  this.  Hence  the  sides  and  summits  of  hills  of  undivided  lime- 
stone are  generally  deficient  in  springs,  which,  however,  break  out 
with  great  violence  at  their  base,  particularly  when  the  bed  below  is 
argillaceous.  One  of  the  most  remarkable  of  these  is  the  celebrated 
well  of  St.  Winifred,  at  Holywell,  in  Flintshire,  which  discharges 
eighty-four  hogsheads  of  water  in  a  minute,  and  turns  no  less  than 
eleven  mills  in  the  distance  of  a  mile  from  its  source. 

All  the  hot  springs  of  England  (Buxton,  Matlock,  Bristol, 
Taafe^s  Well)  are  situated  on  the  carboniferous  limestone;  that 
of  Bath  can  scarcely  be  called  an  exception,  for  the  lias  through 
which  it  rises  rests  unconformably  on  that  rock.  They  are  all 
situated  near  great  disruptions  of  the  strata,  and  may  be  regarded 
as  the  effects  of  water  which,  having  fallen  from  the  atmosphere, 
has  penetrated  to  great  depths,  and  has  been  returned  by  hydrostatic 
pressure  to  the  surface;  and  their  heat  is  to  be  considered  not  as 
due  to  local  causes  peculiar  to  each  locality,  such  as  the  decom- 
position of  beds  of  pyrites,  but  as  representing  the  temperature  of 
the  interior  of  the  earth,  modified  by  that  of  the  cooler  rocks 
through  which  it  has  passed  in  its  rise. 

♦  Geology  qf  Vorkthire,  vol.  ii.,  p.  38. 
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CHAPTER  XIV. 

Poil  ilitic  System — general  view  of  its  characters  in  England^  France, 
and  Germany, — Details  of  t/e  English  series — new  red  sandstone 
formation — magnesian  limestone. — German  series — muschelkalk 
—  zechstein  — keuperschiefer  —  rothtodliegende,  —  Fossils,  their 
scarcity  except  in  the  calcareous  beds — connect  carboniferous  and 
oolitic  systems — earliest  remains  of  reptiles — saurians— footsteps 
of  tortoises  in  Scotland — poikilitic  flora — tracks  of  gigantic  birds 
in  America — of  supposed  marsupialia  in  Saxony  and  England. 
— Geographical  distribution  of  the  poikilitic  rocks. — Bock  salt — 
prevalent  in  this  system,  though  not  exclusively  confined  to  it. — 
Gypsum. — Mineral  veins  rare  in  England — associated  igneous 
rocks — remarkable  alteration  of  a  conglomerate  of  this  series  by 
the  contact  of  trap. — Obscurity  of  the  causes  which  produced  the 
peculiar  mineral  characters  of  the  poikilitic  rocks. 

NEWER  SECONDARY  ROCKS. 

Poikilitic  SyfiprEM. 

Synonfftni,  New  Red  Sandstone  B3rstem;  Saliferous  System,  F^ngluth  anthoTS. 
I.  Red  or  Variegated  Marls,  English  authors.  Keuper  Marls  and  MtuehelkaOf, 
(German.  Mames  Irisies,  and  Calcaire  Conchylien,  French.  2.  New  Red  or 
Variegated  Sandstone,  English  authors.  Bunter  Sandttein,  German.  Grk$  Bigarrl, 
French.  3.  Magnesian  Limestone ;  Magnesian  Conglomerate,  English  authors. 
Zechstein  and  Keuperschiefer,  German.  4.  Lower  New  Red  Sandstone,  T^nglUh 
authors.      Rothtodliegende^  German.     Grh  de  Vosges,  French. 

General  View  of  the  System  in  England^  France^  and  Germany. 

The  poikilitic*  or  new  red  sandstone  system,  may  be  described  as  a 
great  mass  of  arenaceous  and  argillaceous  deposits,  interposed 
between  the  coal  measures  and  the  lias,  the  characteristic  colour  of 
which  is  red,  or  red  variegated  with  blue,  yellowish  green,  white  and 
buff,  yielding  gypsum  and  rock  salt  more  abundantly  than  most  other 
rocks,  extremely  poor  in  organic  remains,  but  containing  locally  two 
subordinate  calcareous  formations,  in  which  they  are  more  abundant, 
and  which  are  generally  characterized  by  the  presence  of  a  conside- 
rable quantity  of  magnesia.  To  the  lower  calcareous  formation 
belong  the  zechstein  of  Germany,  and  the  magnesian  limestone  of 
England.  The  upper  formation  (muschelkalk)  is  wanting  in  the 
English  series,  the  zechstein  in  the  east  and  south  of  France,  and 

*  UoiKiKoi,  ^'  variegated,"  from  the  mottled'  colour  of  some  of  its  marls  and 
sandstones. 
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both  of  them  in  Devonshire.  The  greatest  developement  of  conglo- 
merates is  in  the  lower  part  of  the  series,  of  sandstones  in  the 
middle,  and  of  marls  in  the  upper  part.  The  north  of  Germany, 
the  south-east  of  France,  and  the  north-east  of  England,  afford  the 
best  types  of  the  series.  That  of  Germany  is  the  most  complete. 
The  following  is  a  synopsis  of  the  whole: — 

Upper  Poikilitic  Formations. 


Germany. 

1.  Keuper  marls  &  grits. 

2.  Muschelkalk. 

3.  Bunter  sandstein. 


France. 

1.  Mames  Irishes. 

2.  Muschelkalk,   or  Cal- 

caire  coquillier. 

3.  Gr^  bigarr^. 


Ekolakd. 

1.  Variegated  marls,  and 
white  and  gray  grits. 
2. 

3.  Variegated  sandstones. 


Lowrr  Poikilitic  Formations. 


{Gypseous  marls. 
Zechstein. 
Keupersohiefer. 
ft.  Bothtodliegende. 


6.  Gr^  de  Vosges. 


Gypseous  marls. 
4.^  Magnesian  limestone. 

Marl  slate. 
5.  Lower  red  sandstone. 


British  Series. 

It  is  only  in  the  north  of  England  that  the  British  series  is 
complete.  Professor  Sedgwick,  by  whom  it  has  been  investigated, 
has  established  the  following  subdivisions : — 

JRed  Sandstone  Formation^  QOOfeet  thick  at  least. 

1.  Variegated  Marls.  Red,  blue,  green,  or  white  marls,  con- 
taining gypsum  generally,  and  rock  salt  and  brine  springs  locally. 
Included  in  these  marls  are  white  and  gray  sandstones,  chiefly  found 
in  Warwickshire,  which  are  supposed  to  represent  the  keuper  grits 
of  Germany.     Organic  remains  few  and  occurring  only  locally. 

2.  Variegated  Sandstone.  Red  sandstone,  occasionally  white  and 
mottled.  'Few  or  no  organic  remains.  The  lower  part  a  red 
quartzose  conglomerate  in  a  base  of  red  sandstone,  without  organic 
remains. 

Magnesian  Limestone  Formation^  200  to  300  feet  thick. 

3.  The  Laminated  Limestones  of  Knottingley  and  Doncaster, 
with  layers  of  coloured  marl.     Few  fossils. 

4.  Gypseous  Bed  Marl.  Red  and  coloured  marls,  containing  a 
few  organic  remains. 

5.  Magnesian  Limestone.  Prevailing  colour  yellow,  but  subject 
to  variations,  sometimes  purple ;  texture  various,  crystalline,  com- 
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pact,  laminated,  earthy,  concretionary,  oolitic,  and  brecciated ;  some- 
times devoid  of  magnesia.     Organic  remains  locally  abundant. 

6.  Marl  Slates.  Laminated,  impure,  calcareous  rocks,  of  a  soft, 
argillaceous,  or  sandy  nature.  Organic  remains,  ferns  of  several 
species,  and  fishes,  chiefly  of  the  genus  palseoniscus. 

7.  Lower  Bed  Sandstone^  associated  locally  with  incoherent  sand 
and  red  micaceous  shales.  It  sometimes  resembles  the  grits  of  the 
coal  measures  on  which  it  rests,  and  into  which  it  occasionally  passes. 
Organic  remains,  plants  like  those  of  the  coal  measures. 

In  Germany,  where  organic  remains  are  abundant  in  the  keuper 
and  hunter  sandstones,  it  would  be  difficult  to  separate  them,  but  for 
the  interpolation  of  the  muschelkalk ;  and  consequently  in  England, 
where  the  calcareous  formation  is  wanting,  and  where  fossils  are  so 
extremely  rare,  the  identification  of  the  variegated  marls  and  sand- 
stones of  the  upper  part  of  the  series  with  the  keuper  and  hunter 
sandstein  respectively,  however  convenient  the  subdivision  may  be, 
must  be  regarded  as  somewhat  arbitrary,  and  requiring  to  be  con- 
firmed by  the  discovery  of  some  equivalent  of  the  muschelkalk, 
however  feeble,  which  Mr.  Murchison  has  recommended  geologists 
to  seek  for  between  the  upper  red  marls  and  the  red  sandstone*. 

German  Series. 
Muschelkalk^  ZecAsiein^  ETeuperschie/er^  and  Rothtodiiegende. 

For  the  type  of  the  lower  poikilitic  formation,  we  must  again  look 
to  Germany.  A  slaty  marlstone  has  long  been  extensively  worked 
in  the  country  about  Mansfield,  in  Thuringia,  in  Franconia,  and  the 
Hartz,  for  the  sulphuret  of  copper  which  abounds  in  it.  It  consists 
of  an  upper  or  calcareous  group,  called  the  Zechstein,  and  a  lower 
red  quartzose  sandstone  and  conglomerate,  called  by  the  miners 
Rothtodliegende,  or  ^^  red  dead  lier,^**  because  the  copper  ceases,  or 
"  dies  off,'*''  before  it  is  reached.  The  zechstein,  or  calcareous  por- 
tion, consists  of  marl,  limestone,  copper  slate,  and  magnesian  lime- 
stone, containing  gypsum  and  rock  salt.  Its  organic  remains,  which 
are  numerous,  correspond  generically  with  those  of  the  carboniferous 
series.  The  lower  division,  or  rothtodliegende,  lying  between 
the  zechstein  and  the  coal  measures,  is  considered  the  equivalent 
of  the  lower  new  red  sandstone  of  England,  which  occurs  in  a  similar 
position. 

In  England  the  rocks  of  the  poikilitic  system  are  on  the  whole 
unconformable  to  the  carboniferous  rocks ;  but  in  Shropshire,  York- 
ahire,  Cumberland,  and  Durham,  Professor  Sedgwick  has  observed 

*  Proceedings  of  the  Geological  Society,  vol.  i.,  p.  327. 
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an  apparent  paaaage  of  the  base  of  the  system  into  the  coal  forma- 
tion. The  more  decided  gradation  of  the  two  sTstems  into  each 
other  in  part  of  the  north  of  Germany,  has  induced  Hoffman  to 
regard  the  old  red  sandstone,  the  carboniferous  series,  and  the  lowest 
member  of  the  poikilitic  system,  as  one  great  complex  group,  in 
which  the  carboniferous  rocks  are  a  mere  local  deposit.  These 
views,  however  opposed  by  the  general  succession  of  these  rocks  in 
England,  receive  some  countenance  from  the-developement  of  the 
carboniferous  series  in  Scotland,  and  particularly  in  the  Isle  of  Arran, 
where  it  appears  as  a  mere  band  of  very  inconsiderable  thickness, 
in  the  midst  of  a  great  mass  of  red  conglomerates,  clays,  and  sand- 
stones. 

Oroanic  Remains. 

This  system  was  once  supposed  to  be  entirely  destitute  of  organic 
remains.  In  England,  they  are  chiefly  found  north  of  the  Trent  and 
Dee.  Plants  have  been  met  with  in  the  red  sandstone  near  Liver- 
pool, and  marine  shells  in  the  marls  and  calcareous  bands  near  Man- 
chester. But  the  greater  portion  of  the  organic  remains  are  derived 
from  the  magnesian  limestone  of  the  eastern  side  of  the  island, 
which  contains  fishes,  zoophytes,  and  molluscs,  the  lower  red  sand- 
stone yielding  many  plants.  The  red  sandstone  of  Scotland  has 
produced  footsteps  of  reptiles,  but  no  organic  remains.  Fishes  have 
been  found  in  that  of  Ireland.  Altogether,  the  fossils  belonging  to 
this  system  in  Great  Britain,  are  confined  to  about  fifty  species,  and 
in  Germany  they  do  not  exceed  two  hundred. 

This  System  connects  zoologically  the  Carboniferous  and  Oolitic 

Systems. 

Few  as  they  are,  they  are  of  great  importance,  as  forming  a 
connecting  zoological  link  between  the  rocks  of  the  carboniferous 
and  oolitic  systems.  Viewing  the  poikilitic  system  in  its  zoological 
relations,  we  might  class  its  lower  part  with  the  carboniferous,  its 
upper  with  the  oolitic  system ;  but  its  peculiar  mineral  characters 
stamp  it  as  one  series  of  deposits  due  to  peculiar  causes,  which  con- 
tinued in  action  over  extensive  areas  while  a  great  change  in  organic 
forms  was  in  progress.  With  some  genera  of  plants  and  shells, 
4)eculiar  to  itself,  it  contains  others  that  are  found  in  the  coal  scries 
below,  and  in  the  oolites  above.  The  genera  cyathocrinus  among 
crinoidea^  producta  among  molluscs,  and  palseoniscus  among  fishes, 
belonging  to  the  carboniferous  and  older  rocks,  terminate  in  the 
zechstein.  The  ancient  genus  orthoceras  is  not  found  in  rocks  of  this 
epoch,  nor  do  belemnites  occur  earlier  than  the  oolitic  deposits.     On 


the  other  hand,  the  genne  spirirera  of  the  older  etrata  continues 
into  the  liaa,  an4  the  new  j^enus  trigonia,  so  cbaracteriatio  of  the 
oolitic  epoch,  commences  in  the  upper  part  of  the  poikilitic  serieB. 

Figures  are  subjoined  of  some  of  the  moet  remarkable  shells  of 
the  magneaian  limestone  of  England  (108 — 111). 


Figures  of  Ammonites  nodosus,  Avicula  socialis,  and  the  beauti- 
ful lily  encrinite  (Encrinites  moniliformis),  characteristic  of  the 
muschelkalk,  are  also  given  (112 — 116),  in  order  to  assist  the  young 
geologist  in  the  search  which  Mr.  Murchison  has  recommended  for 
some  developement,  however  slight,  of  that  rock,  in  England, 
between  the  variegated  marls  and  sandstones,  whioh  constitute  the 
upper  part  of  the  series. 

Earliett  remaint  of  lieptilet. 
The  predaceous  family  of  saurvid  fishes  are  of  a  smaller  size  than 
in  tlie  older  strata,  and  form  but  a  lifUi  part  of  the  entire  number 
known  in  this  system;  but  reptiles,  which  became  so  numerous 
during  the  oolitic  epoch,  begin  now  to  make  their  appearance.  Two 
genera  of  saurians  (thecodontosaurus  and  palteosaurus),  allied  to 
the  iguana  and  monitor,  hare  been  found  in  the  magnesian  conglo- 
merate, near  Bristol,  the  lowest  deposit  in  which  reptiles  have  been 
found  in  Britain.  On  the  continent,  also,  its  equivalent,  zechstein, 
is  the  oldest  deposit  which  has  yielded  them,  having  produced  pro- 
tosaurus,  a  genus  allied  to  the  monitor.  The  newer  muschelkaUt 
affords  phytosanrus,  dracontosaurus,  and  three  other  extinct  genera. 
The  shell  of  a  large  species  of  turtle  has  been  obtained  from  the 
muschelkalk  near  Luneville,  and  footsteps  of  terrestrial  tortoises 
have  been  discovered  on  the  upper  surface  of  beds  of  sandstone 
belonging  to  this  series,  at  Corncockle  Muir,  in  Dumfriesshire. 

Poikilitic  Flora. 
The  remains  of  plants  in  the  poikilitic  series  connect  it  in  a 
similar  manner  with  the  systems  above  and  below  it.     Its  flora  com- 
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prises  coniferse  of  the  extinct  genus  voltzia,  peculiar  to  this  system, 
and  several  genera  of  ferns  and  cycadese.  The  genera  lepidoden- 
dron  and  calamites,  of  the  coal  measures,  terminate  with  the  mus- 
chelkalk;  the  genera  pterophyllum,  and  the  gigantic  equisetum 
columnare,  of  the  lias,  commence  in  the  zechstein. 

Footsteps  of  Birds  in  America. 

On  the  new  red  sandstone  of  Connecticut,  Professor  Hitchock 
has  discovered  impressions  of  the  feet  of  birds,  none  of  them  web- 
footed,  which  he  refers  to  seven  species  of  grallatores,  or  waders. 
The  largest  are  those  of  a  bird  which  must  have  been  twice  the  size 
of  an  ostrich,  the  length  of  the  foot  being  fifteen  inches,  exclusive 
of  the  largest  claw,  which  measured  two  inches.  The  footsteps 
occurred  in  regular  succession,  at  intervals  of  four  feet  in  some 
of  the  tracks,  and  of  six  feet  in  others,  which  was  probably  the 
longest  step  of  this  bird  while  running.  The  footsteps  of  another 
large  bird,  sixteen  inches  long,  and  more  slender  than  the  last, 
have  a  remarkable  appendage,  extending  backwards  from  the 
heel,  nearly  nine  inches,  in  addition  to  the  length  of  foot  above 
stated.  This  appendage  appears  to  have  been  furnished  with  wiry 
feathers,  or  coarse  bristles,  and  to  have  been  intended  to  support  the 
weight  of  a  heavy  animal,  walking  on  a  soft  bottom,  like  a  snow- 
shoe,  or  the  pieces  of  plank  which  the  shooters  of  wild-fowl  attach 
to  their  feet  to  prevent  their  sinking  in  the  mud. '  The  length  of 
step  increases  in  each  track  with  the  length  of  the  foot,  and  is  pro- 
portionably  longer  than  the  steps  of  any  existing  birds,  from  which 
it  is  inferred  that  the  legs  of  these  ancient  birds  were  longer  than  in 
the  modem  grallee.  The  steps,  four  feet  asunder,  are  supposed  to 
indicate  a  leg  six  feet  long.  The  leg  of  the  African  ostrich  is  six 
feet  long,  that  of  the  foot,  ten  inches*. 

Footsteps  ascribed  to  Marsupial  Animals, 

Every  reader  of  Robinson  Crusoe — and  who  is  there  that  has  not 
read  it  ? — must  remember  the  astonishment  of  that  renowned  navi- 
gator, when  he  discovered  the  prints  of  human  feet  on  the  shores  of 
his  desert  island,  the  speedy  realization  of  his  forebodings  by  the 
bodily  appearance  of  the  cannibals  following  closely  on  the  discovery 
of  the  footsteps,  his  splendid  victories  over  them,  savouring,  it  is 
true,  somewhat  of  the  marvellous,  but  supported  by  such  minute 
returns  of  killed,  wounded,  and  missing,  on  the  part  of  the  savages, 
as  to  leave  no  doubt  of  their  authenticity,  and,  as  a  crowning 
achievement,  the  capture   of  that  interesting  personage,  his  man 

*  BucKLAKD*a  Bridgewater  TreaUiey  vol.  ii.,  p.  39. 
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Friday.  This  fiction  carries  with  it  so  much  of  the  air  of  reality, 
as  to  have  deceived  many  a  reader  into  a  belief  in  the  actual  occur- 
rence of  the  events  narrated,  and  among  all  the  incidents  which 
tend  to  produce  the  illusion,  perhaps  none  is  more  effective  than 
this  of  the  footsteps,  the  importance  of  which  as  circumstantial 
evidence  is  known  to  all.  Scarcely  less  great  was  the  astonish- 
ment of  geologists,  when  they  discovered  in  the  new  red  sandstone 
the  tracks  of  some  unknown  quadruped,  of  whose  existence  the 
impressions  of  his  feet  on  the  sands  of  that  remote  epoch  are  as  yet 
the  only  evidence.  The  poikilitic  system  had  long  been  the  desert 
island  of  geology,  deemed  so  utterly  destitute  of  organic  remains, 
that  it  was  supposed  to  have  been  formed  during  a  period  of 
violent  and  universal  convulsion,  amidst  which  no  living  thing 
could  exist  on  the  face  of  the  earth;  and  now,  this  system  was 
found  to  contain  locally,  not  only  shells  and  plants,  fishes  and  rep- 
tiles, tracks  of  land  tortoises  and  of  birds,  but  even  of  animals 
which  appeared  to  belong  to  the  marsupial  order  of  mammalia. 

These  footsteps  were  first  discovered  at  Hesseburg,  near  Hild- 
burghausen,  in  Saxony,  and  from  their  resemblance  to  the  form  of  the 
human  hand,  the  animal  by  which  they  were  impressed  has  received 
the  provisional  name  of  cheirotherium.  The  footsteps  follow  one 
another  in  pairs   (1J7),  at  intervals  of  fourteen    inches  between 
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Footsteps  of  Cheirotherium. 

each  pair,  which  consist  of  one  large  and  one  smaller  print  an  inch 
and  a  half  before  it,  each  pair  being  in  the  same  line.  Both  the 
large  and  the  smaller  steps  have  the  great  toe  alternately  on  the 
right  and  left  side.  Each  has  the  print  of  five  toes,  the  first  or 
great  toe  being  bent  inwards  like  a  thumb.  The  impressions  of  the 
hind  foot  are  eight  inches  long,  and  five  broad ;  those  of  the  fore 
foot  are  four  inches  long,  and  three  broad.  The  casts  of  the  feet 
are  in  relief,  on  the  lower  surface  of  beds  of  sandstone,  giving  exact 
models  of  the  toes  and  claws  formed  in  a  thin  bed  of  clay  over 
which  the  animal  had  passed,  and  which  was  sufliciently  tenacious  to 
retain  the  form  of  the  foot  until  filled  with  sand,  since  converted 
into  sandstone. 

It  was  conjectured  by  Dr.  Kaup,  the  discoverer  of  these  foot- 
steps in    Saxony,   that  they  must  have  been  impressed  by  some 


ORGANIC    REMAINS.  273 

animal  allied  to  the  marsupialia,  and  Dr.  Buckland  has  observed 
that,  in  the  kangaroo,  the  first  toe  of  the  fore  foot  is  set  obliquely  to 
the  others,  like  a  thumb,  and  that  a  great  disproportion  exists 
between  the  fore  and  hind  feet.  Should  subsequent  discoveries 
confirm  this  conjecture,  this  will  be  the  oldest  deposit  in  which 
traces  of  mammalia  have  been  detected,  the  earliest  remains  of 
which,  in  secondary  strata,  confined  to  two  or  three  jaws  found 
in  the  calcareous  oolitic  slate  of  Stonesfield,  are  also  referred  to  mar- 
supialia*. 

Footsteps  precisely  similar  to  those  of  Saxony  have  more  recently 
been  met  with  in  considerable  abundance  in  the  quarries  of  new 
red  sandstone,  at  Storeton  Hill,  near  Liverpool.  They  occur  on 
five  consecutive  beds  of  clay  in  the  same  quarry,  and  are  accom- 
panied by  numerous  smaller  impressions,  some  of  which  are  referred 
to  the  feet  of  saurians,  and  others  to  those  of  tortoises,  multi- 
tudes of  which  appear  to  have  traversed  the  beds  of  clay  in  every 
direction. 

Further  discoveries  of  footsteps  of  cheirotherium,  and  five  or  six 
small  reptiles,  have  been  made  in  the  new  red  sandstone  of  Cheshire, 
Warwickshire,  and  Salop.  Sir  Philip  Egerton  has  described  one 
specimen  found  in  Cheshire,  in  which  the  impressions  of  the  foot 
were  double  the  size  of  those  of  Hesseburg,  and  afibrded  other  indi- 
cations of  having  been  made  by  a  distinct  species  "f. 

In  fact,  so  many  of  these  tracks  have  recently  been  found 
in  England,  as  to  lead  to  the  hope  that  bones  or  teeth  will,  ere 
long,  be  brought  to  light — the  latter,  as  the  most  indestructible, 
are  the  most  likely  to  be  met  with,  and  the  recent  researches 
of  Professor  Owen,  in  odontography,  have  furnished  means  for 
determining  the  relations  of  the  animal  to  which  they  belonged, 
since  he  has  shown  that  the  difierent  orders  and  even  genera  are 
distinguished  by  peculiarities  in  the  miscroscopic  structure  of  their 
teeth,  and  by  this  unerring  test  he  has  been  able  to  settle  the  dis- 
puted places  of  several  extinct  mammalia,  reptiles,  and  fishes.  We 
would  therefore  urge  the  young  geologist,  whose  lot  may  be  cast  in 
the  neighbourhood  of  the  new  red  sandstone,  to  search  diligently 
every  quarry  of  that  rock,  within  his  reach,  for  bones  and  teeth — 
80  may  it  be  his  good  fortune  to  discover  the  mysterious  cheirothe* 
rium,  to 

Seek  the  den  where  tand  tiucks  mark  the  way. 

And  drag  the  struggling  savage  into  day. 

*  See  Buckland's  Bridgewater  Treatise. 
t  Proceedingi  qf  the  Geological  Sooietgy  toL  iii.,  p.  12, 14, 16. 
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Impressions  of  Bain-drops. 

The  surface  of  beds  of  sandstone  belonging  to  this,  as  well  as 
other  epochs,  is  frequently  covered  with  ripple  marks,  such  as  we 
see  on  the  surface  of  sandbanks,  left  dry  hj  the  recess  of  the  tide,  or 
covered  by  shallow  water.  These  ripple  marks  are  produced  by 
currents  of  a  certain  velocity  pushing  forward  the  particles  of  sand, 
and  their  direction  is  always  at  right  angles  to  that  of  the  currents. 
The  quarries,  in  Cheshire,  which  have  yielded  the  footmarks  of 
cheirotherium,  also  afford  evidence  of  the  fall  of  showers  of  rain 
on  sandbanks,  lying  between  the  limits  of  high  and  low  water. 
The  entire  surfaces  of  several  partings  of  clay,  in  the  same  qu»rry, 
are  covered  with  indentations  precisely  similar  to  those  produced 
by  rain  under  such  circumstances,  and  the  lower  surface  of  the 
overlying  sandstone  exhibits  casts  in  relief  of  these  indentations. 

''  On  the  surface  of  one  stratum,  at  Storeton,^  says  Dr.  Buck- 
land"",  'impressed  with  large  footmarks  of  a  cheirotherium,  the 
depth  of  the  holes  formed  by  the  rain-drops  on  different  parts  of  the 
same  footstep,  has  varied  with  the  unequal  amount  of  pressure  on 
the  clay  and  sand,  by  the  salient  cushions  and  retiring  hollows  of 
the  creature^s  feet;  and  from  the  constancy  of  the  phenomenon  upon 
an  entire  series  of  footmarks  in  a  long  continuous  track,  we  know 
that  this  rain  fell  after  the  animal  had  passed.  The  equable  size  of 
the  casts  of  large  drops  that  cover  the  entire  surface  of  the  slab, 
except  in  the  parts  impressed  by  the  cushions  of  the  feet,  record  the 
falling  of  a  shower  of  heavy  drops  on  the  day  on  which  this  huge 
animal  had  marched  along  the  ancient  strand ;  hemispherical  im- 
pressions of  small  drops  upon  another  stratum,  show  it  to  have  been 
exposed  to  only  a  gentle  sprinkling  of  rain  that  fell  during  a  calm. 

"  In  one  small  slab  of  new  red  sandstone  found  by  Dr.  Ward, 
near  Shrewsbury,  we  have  a  combination  of  proofs  as  to  meteoric, 
hydrostatic,  and  locomotive  phenomena,  which  occurred  at  a  time 
incalculably  remote  in  the  atmosphere,  the  water,  and  the  move- 
ments of  animals,  and  from  which  we  infer,  with  the  certainty  of 
cumulative  circumstantial  evidence,  the  direction  of  the  wind,  the 
depth  and  course  of  the  water,  and  the  quarter  to  which  the 
animals  were  passing;  the  latter  is  indicated  by  the  direction  of 
the  footsteps  which  form  their  tracks ;  the  size  and  curvature  of  the 
ripple  mark  on  the  sand  now  converted  into  sandstone,  show  the 
depth  and  direction  of  the  current;  and  the  oblique  impressions 
of  the  rain-drops,  register  the  point  from  which  the  wind  was 
blowing,  at  or  about  the  time  when  the  animals  were  passing.**^ 

*  Anniversary  Address ;   Proceedings  of  the' Geological  Society,  vol  iil,  p.  246. 
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Geographical  Distribution  of  the  Poikilitig  Rocks. 

British  Isles,  In  tracing  the  geographical  extent  of  the  poiki- 
litic  system  in  the  British  Islands,  we  shall  commence  with  England, 
where  it  is  most  largely  developed,  Scotland  and  Ireland  affording 
only  very  slight  traces  of  it. 

We  have  already  noticed  the  triangolar  area  of  magnesian 
limestone,  covering  the  coal  formation  of  the  county  of  Durham, 
having  its  apex  a  little  north  of  the  Tyne,  and  extending  westward 
from  Hartlepool,  on  the  sea-coast,  to  Pierce  Bridge  on  the  Tees. 
From  this  point  the  magnesian  limestone  ranges  south  in  a  narrow 
band  between  the  carboniferous  rocks  on  the  west,  and  the  new  red 
sandstone  formation  on  the  east,  by  Ripon,  Knaresborough,  Tad- 
caster,  Ferrybridge,  Pontefract,  and  Mansfield,  to  Nottingham, 
constituting  a  chain  of  hills  of  moderate  elevation,  the  highest 
points  of  which,  near  ks  northern  and  southern  terminations,  rise  to 
the  height  of  about  600  feet  above  the  sea.  Parallel  to  this  range 
of  magnesian  limestone,  a  broader  tract  of  red  sands  and  marls, 
varying  from  eight  to  twenty  miles  in  width,  extends  from  the 
mouth  of  the  Tees  by  Thirsk  and  York,  following  the  valleys  of  the 
Ouse  and  Trent  to  Nottingham.  It  then  expands  over  a  vast  area 
about  eighty  miles  long  and  fifty  broad,  occupying  the  whole  centre 
of  England  in  nearly  horizontal  strata,  which  surround  the  syenitic 
ridges  of  Charnwood  Forest,  and  the  upheaved  coal  strata  of  the 
counties  of  Leicester,  Warwick,  and  Stafford. 

This  large  central  tract  of  the  upper  poikilitic  formation, 
stretches  north-west  between  the  southern  termination  of  the  Penine 
chain  and  the  mountains  of  Wales,  having  on,  or  near  to,  its 
north-eastern  boundary  the  towns  of  Nottingham,  Derby,  Cheadle, 
Newcastle-under-Line,  Congloton,  Stockport,  Manchester,  Newton, 
and  Liverpool.  The  south-western  boundary  extends  along  the 
estuary  of  the  Dee  as  far  as  Parkgate,  and  thence  passes  a  little 
west  of  Chester  by  Wrexham,  EUesmere,  Shrewsbury,  Newport, 
Shifnal,  Bridgnordi,  and  Worcester.  From  Worcester,  a  narrow 
band  of  the  sandstones  and  marls  runs  down  the  valley  of  the 
Severn,  abutting  on  the  west  against  the  Malvern  Hills  and  the 
old  red  sandstone  district  of  South  Wales,  and  bordering  the 
western  shores  of  the  estuary  of  the  Severn  to  the  banks  of 
the  Usk. 

On  the  eastern  side  of  the  estuary,  the  boundary  of  the  new  red 
sandstone  formation  becomes  very  intricate  and  irregular,  from  its 
surrounding  small  islands  of  the  carboniferous  and  other  older  rocks, 
and  from  its  being  partially  covered  by  detached  portions  of  lias,  and 

T  2 


276 


POlKlLinC   8T8TEM. 


by  alluvial  deposits.  From  the  same  causes,  its  course  through 
South  Somersetshire  and  Devonshire  is  nearly  as  tortuous  from  the 
shores  of  Bridgewater  Bay  to  the  mouth  of  the  Exe,  by  Dunster, 
Watchet,  Milverton,  Taunton,  Wellington,  Tiverton,  Collumpton, 
Crediton,  Honiton,  and  Exeter,  long  tongues  being  thrown  off  west- 
ward among  the  older  rocks,  while  on  the  east  it  is  bordered  by  the 
lias  of  the  oolitic,  and  the  greensand  of  the  cretaceous  systems^  which 
in  South  Devonshire  is  in  immediate  contact  with  it,  without  the 
intervention  of  any  member  of  the  oolitic  series.  On  the  southern 
coast  it  extends  from  Torbay  on  the  west,  to  the  neighbourhood  of 
Sidmouth,  where  it  is  for  a  time  concealed  by  the  overlying  green- 
sand,  but  reappears  about  the  mouth  of  the  Axe,  and  runs  up  the 
valley  of  that  river. 

On  the  western  side  of  the  great  Penine  chain,  we  find  that  a 
gulf  of  the  poikilitic  sea  entered  between  that  range  and  the 
Cumbrian  group.  Marls  and  sandstones  border  both  sides  of  the 
Solway  Frith,  and  spread  over  the  plain  of  Carlisle  and  the  valley 
of  the  Eden.  A  narrow  band  of  these  rocks  also  skirts  the  Cum- 
brian mountains  on  the  west,  from  a  little  north  of  Whitehaven 
to  the  peninsula  of  Fumess.  Coast  sections,  between  Whitehaven 
and  St.  Bee^s  Head,  exhibit  in  the  descending  order, — 1.  the  varie- 
gated sandstone,  St.  Bee^s  Head;  2.  the  lower  gypseous  marls; 
3.  the  magnesian  limestone,  sometimes  alternating  with,  sometimes 
resting  on,  the  magnesian  conglomerate  ;  4.  the  lower  red  sandstone, 
a  reddish  sandstone  of  considerable  thickness,  containing,  though 
rarely,  calamites,  and  sometimes  appearing  to  graduate  into  the  coal 
measures  upon  which  it  rests,  though  on  the  whole  it  is  uncon- 
formable to  them.  Magnesian  limestone  does  not  appear  in  con- 
nexion with  the  red  sandstone  and  marls  of  the  great  plain  of 
Central  England,  except  near  Newton  and  Manchester,  where  it 
covers  the  coal  field  on  the  south,  and  in  Shropshire  and  Worcester- 
shire, where  magnesian  conglomerates  underlie  the  red  sandstone 
and  marls,  and  are  separated  from  the  coal  measures  by  the  lower 
red  sandstone,  composed  of  sandstones,  red  shales,  and  marls,  some- 
times mottled  with  green.  Magnesian  conglomerates  also  rest  im- 
mediately on  the  coal,  in  an  uncomformable  position,  near  Bristol, 
and  on  the  borders  of  the  Severn.  In  these  conglomerates  frag^ 
ments  of  the  carboniferous  limestone  are  united  by  a  dolomitic  paste. 
These,  as  well  as  the  porphyritic  conglomerates  of  South  Devon,  in 
which  fragments  and  masses  of  porphyry  are  enveloped  in  an  argil- 
laceous cement,  have  been  referred  to  the  age  of  the  todliegende,  or 
lower  red  sandstone ;  but  Professor  Sedgwick  contends  that,  in  the 
iQ||k«ftem  parts  of  England,  the  lower  part  of  the  poikilitic 
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Bystem  is  entirely  wanting,  and  that  all  these  conglomerates  belong 
to  the  magnesian  limestone  formation. 

In  North  Wales,  the  vale  of  Clwyd  is  filled  with  the  new 
red  sandstone  formation ;  and  on  the  coast  of  Caernarvon  Bay,  for 
about  five  miles  from  the  entrance  of  the  Menai  Straits,  patches  of 
red  marl  and  porphyritic  conglomerates  are  occasionally  discernible 
beneath  diluvial  deposits.  The  same  red  marls  and  conglomerates 
border  both  sides  of  the  Menai,  for  about  three  miles  north-east  of 
Caernarvon.  This  small  tract  is  chiefly  remarkable  for  affording 
one  of  those  cases,  of  such  rare  occurrence  in  England,  in  which 
rocks  of  this  age  have  been  affected  by  igneous  eruptions. 

In  Scotland,  with  the  exception  of  the  district,  already  mentioned, 
in  Dumfriesshire,  bordering  the  Sol  way  Frith,  all  traces  of  new 
red  sandstone,  and  those  very  slight,  are  confined  to  the  western 
coast  and  the  Hebrides.  In  Ireland,  it  occupies  a  more  extensive 
area,  stretching  from  Coleraine  to  Dungannon,  and  the  southern 
extremity  of  Lough  Neagh,  passing  under  the  basalt,  and  reappear- 
ing on  the  banks  of  the  Lagan,  whence  it  extends  to  the  Belfast 
and  Strangford  Loughs.  A  narrow  stripe  also  occurs  on  the  eastern 
coast  of  Antrim,  between  Glenarm  and  Cushendon  Bay. 

Foreign  Localities,  On  the  continent  of  Europe  large  areas  are 
occupied  by  deposits  of  this  system,  ramifying,  as  in  England, 
though  on  a  larger  scale,  among  islands  and  promontories  of  older 
rocks,  and  overlying  masses  of  more  recent  formations. 

The  red  rocks  of  Devonshire,  prolonged  across  the  British 
Channel,  are  interposed  between  the  slate  rocks  of  Britany  and  the 
lias  and  oolite,  by  which  they  are  almost  concealed.  The  keuper, 
muschelkalk,  and  hunter  sandstone,  are  largely  developed  in  an 
extensive  tract  between  the  Ardennes  and  the  Vosges.  The  keuper, 
in  this  district,  contains  some  calcareous  bauds,  but  there  is  no 
zeclistein  between  the  bunter  sandstein  and  the  gr^s  de  Vosges,  or 
rothliegende.  The  same  rocks  occur  between  the  Vosges  and  the 
Schwartzwald,  or  Black  Forest,  from  the  eastern  side  of  which  they 
expand  to  the  northward  and  eastward,  constituting  a  large  portion 
of  the  great  area  of  secondary  rocks  between  the  primary  and  slate 
mountains  of  the  Schwartzwald,  Rhingau,  and  Westerwald,  on  the 
west,  and  the  Bohemerwald,  Thuringerwald,  and  Hartz,  on  the 
east.  The  poikilitic  rocks  also  pass  round  the  Hartz,  between 
Magdeburg  and  Brunswick.  Within  this  area,  the  zechstein  is 
found  on  the  flanks  of  the  Thuringerwald,  in  Hesse  Cassel,  on  the 
southern  and  eastern  side  of  the  Hartz,  between  the  Elster  and  the 
Saale,  and  around  Waldeck.  The  muschelkalk  is  widely  expanded 
from  Waldshnt,  on  the  Rhine,  to  the  Thuringerwald,  and  round 
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the  Hart7.  A  band  of  poikilitio  marls,  sandstones,  and  magnesian 
limestone,  locally  associated  with  rock  salt  and  gypsum,  occurs  both 
on  the  north  and  south  side  of  the  Eastern  Alps,  between  the  primary 
rocks  and  the  Alpine  limestone,  which  is  the  equivalent  of  the 
oolitic  series ;  and  red  marl,  with  rock  salt  and  gypsum,  underlies 
the  same  formation  in  the  Jura,  at  the  western  termination  of  the 
Alps. 

Mineral  Products. 

Bock  Salt. 

The  prevalent  and  itbundant  association  of  rock  salt  with  the 
poikilitic  deposits  of  England  and  Germany,  led  to  a  very  general 
belief  that,  wherever  salt  rocks  occurred,  they  must  belong  to  rocks 
of  this  geological  epoch,  to  which  were  consequently  assigned  all 
mines  of  salt  and  brine  springs,  whether  in  Poland  or  Spain, 
European  or  Asiatic  Russia,  in  Persia,  Thibet,  or  Tartary,  in  Aflrica, 
and  in  North  and  South  America ;  but  recent  investigations  have 
corrected  this  hasty  generalization,  and  have  proved  the  existence  of 
salt  among  rocks  of  all  ages.  It  is  probable  that  the  celebrated  salt 
works  of  Wielicsska,  in  Poland,  belong  to  the  tertiary  series,  and 
those  of  Cordova,  in  Spain,  to  the  greensand.  In  the  Austrian 
Alps,  besides  the  saliferous  deposits  of  the  poikilitic  era  already 
mentioned,  there  is  another,  referred  by  Murchison  and  Sedgwick 
to  the  greensand.  Bakewell  places  that  of  the  Western  Alps  in 
the  lias.  In  Wirtemburg  it  is  found  in  the  muschelkalk.  In 
England  our  principal  salt  mines  are  in  the  upper  marls,  but  several 
copious  brine  springs  issue  from  the  coal  formation.  The  saliferous 
sandstone  of  the  United  States,  west  of  the  Alleghanies,  appears  to 
underlie  the  carboniferous  rocks,  and  to  be  the  equivalent  of  our  old 
red  sandstone ;  and  a  spring,  containing  a  large  proportion  of  salt, 
rises  near  Keswick,  from  the  lower  part  of  the  slate  rocks  of  Cum- 
berland. The  salt  works  of  England  are  of  high  antiquity.  Those 
of  Droitwich,  in  Worcestershire,  formed  part  of  the  public  revenue 
during  the  Roman  possession  of  Britain,  and  the  brine  springs  of 
Nantwich  were  extensively  worked  by  the  Saxons  *.  The  principal 
deposits  of  rock  salt  are  at  Northwich.  Two  beds  are  wrought,  the 
uppermost  of  which  is  covered  by  about  110  feet  of  variegated 
marls,  containing  no  trace  of  organic  remains,  and  separated  by 
rather  more  than  thirty  feet  of  similar  marls  from  a  lower  bed, 
which  has  been  sunk  into  to  the  depth  of  108  feet  without 
having  been  passed  through.  It  is  only  in  the  central  portions 
of  these  masses  that  the  salt  is  sufficiently  pure  to  be  worked, 

*  CoKTBEARE  and  Phillips,  OutKnes  of  the  Geology  qf  England  and  WaU$, 
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the  upper  and  lower  parts  being  much  contaminated  with  marl. 
The  salt  is  divided  into  globular  concretions,  sections  of  which, 
with  marl  or  impure  marly  salt  between  them,  are  exhibited  on 
the  walls  and  roof  of  the  works.  Sometimes  the  contact  of  the 
spheroids  has  produced  hexagons  like  the  horizontal  sections  of 
basaltic  columns.  Subordinate  to  these  globular  concretions  the 
salt  is  cubically  crystallized  in  pellucid  masses,  generally  white,  but 
sometimes  tinged  red  by  argillaceous  sediment.  The  red  varieties 
are  frequently  fibrous. 

Gypsum 

Occurs  in  various  proportions  in  most  of  the  clays  associated 
with  the  rock  salt  of  these  works.  This  is  a  product  of  the  argilla- 
ceous portions  of  the  poikilitic  system,  which  is  more  generally  dif- 
fused than  rock  salt.  Quarries  of  alabaster,  or  granular  gypsum, 
are  worked  at  Chellarton,  and  several  other  places  in  Derbyshire ; 
the  purer  and  whiter  beds  for  ornamental  purposes,  and  for  the 
manufacture  of  plaster  of  Paris,  the  inferior  kinds  as  a  building 
stone.  At  Droitwich,  two  beds  have  been  sunk  through,  forty  and 
seventy-five  feet  thick.  Fibrous  gypsum,  which  is  the  more  com- 
mon form,  occurs  at  Aust  Passage  on  the  Severn,  associated  with 
sulphate  of  strontian,  and  in  several  places  near  Bristol,  associated 
with  that  mineral,  and  with  sulphate  of  baryta.  It  also  occurs 
at  Nottingham,  at  Newbiggan  in  Cumberland,  and  various  other 
localities. 

Selenite  occurs  at  Fairburn,  near  Ferrybridge,  in  Yorkshire; 
but  this  form  of  sulphate  of  lime  is  more  common  in  other  clays, 
particularly  those  of  the  oolitic  system,  than  in  rocks  of  this  era. 

The  magnesian  limestone  usually  contains  20  per  cent,  of  mag- 
nesia. At  Ferrybridge,  and  other  places,  it  is  burned  for  manure, 
but  is  considered  injurious,  unless  applied  in  very  moderate  quan- 
tities, in  which  case  it  is  highly  beneficial.  Some  varieties,  as  at 
Leigh  and  Ardwick,  are  much  esteemed  for  their  property  of  setting 
under  water. 

Mineral  Veins  rare  in  England. 

Though  the  keuperschiefer  of  Germany  is  so  rich  in  copper, 
metallic  veins  are  very  rare  in  this  system  of  rocks  in  England. 
Galena  is  found  in  marl  slate,  near  North  Shields,  and  has  been 
worked  successfully*  in  Yorkshire,  in  the  thin  bedded  limestone. 
Carbonate  of  copper  occurs  near  Knaresborough  and  Tadcaster, 

*  Proceedingt  qfthe  Geological  Society,  vol.  ii.,  p.  3. 
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and  cobalt  at  Alderley  Edge,  in  Cheshire;  but  with  the  exeeptioa 
aboTe  mentioned,  these  minerals  are  only  fonnd  in  strings  too  small 
to  admit  of  their  being  profitably  worked. 

Igneous  Rocrs. 

Irruptions  of  igneous  rocks  are  equally  rare.  Pitchstone,  clay- 
stone,  and  basalt,  have  pierced  through  rocks  referred  to  this  era  in 
the  Isle  of  Arran.  Greenstone,  filling  the  great  Ckx;kfield  Dike, 
extends  from  Middleton,  in  Teesdale,  to  near  Robin  Hood'*s  Bay, 
traversing  successively  all  the  series  from  the  carboniferous  limestone 
to  the  lias  and  oolite,  inclusive.  Mr.  Murchison  has  discovered  a 
trap  dike,  ranging  b.n.e.  from  the  Breiddin  Hills  in  Shropshire,  to 
Acton  Reynolds  and  for  fifteen  miles  beyond  that  point — ^thirty 
miles  in  all ;  elevating  the  strata  into  an  anticlinal  ridge,  and  indu- 
rating the  sandstone,  which  is  traversed  by  vertical  fissures  and 
strings  of  metallic  substances.  The  same  author  has  enumerated 
several  places  in  the  Thuringerwald,  where  the  red  sandstone  is 
prismatized  in  contact  with  trappean  or  other  igneous  rocks*. 

Bemarkable  case  of  alteration  by  contact  with  trap.  To  these, 
we  may  add  a  case  discovered  by  ourselves  on  the  shores  of  the 
Menai,  about  two  miles  n.e.  of  Caernarvon,  close  to  Llanfair  church, 
where  a  red  conglomerate  of  this  series,  composed  chiefly  of  por- 
phyritic  fragments,  in  an  argillaceous  base,  rests  on  a  large  plateau  of 
augitic  greenstone,  which  has  sent  off  strings,  from  a  few  inches  to 
four  feet  thick,  into  the  conglomerate,  though  the  mass  of  trap  has 
not  broken  through  nor  disturbed  it.  At  a  hundred  yards  from  this 
trappean  rock,  the  conglomerate  retains  its  red  colour,  but  gradually 
changes  through  purple  to  black,  as  it  approaches  it,  becoming  more 
and  more  indurated,  till  a  brecciated  rock  with  a  subcrystalline  base 
is  produced,  having  a  close  resemblance  to  some  of  the  conglomerates 
of  the  Cambrian  series  of  Snowdonia  and  Ireland ;  the  red  argilla- 
ceous base  being  converted  into  a  dark  and  compact  matrix,  which 
contains  crystals  of  vitreous  felspar.  At  the  same  time,  the  felspathic 
matter  of  the  pebbles  has  undergone  a  new  crystalline  arrangement, 
the  more  fusible  varieties  having  disappeared,  leaving  cavities  lined 
with  crystals  of  felspar.  This  example  is  highly  instructive,  show- 
ing the  mode  in  which  the  subcrystalline  character  of  the  rocks 
called  ^Uransition,''^  might  be  produced  in  mechanical  deposits  o 
sandstone  and  clay.  The  masses  of  trappean  rocks  associated  with 
the  red  porphyritio  conglomerates  of  Devonshire,  are  considered  by 
Mr.  De  la  Beche  to  have  been  produced  by  volcanic  ejectments^ 
during  the  formation  of  those  deposits :  first,  because  between  these 

*  Proceedingt  <^  the  Geoloffieal  Sooietffy  vol.  i.,  p.  326. 
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porphyritic  iussmb  and  the  slate  tocIeh,  other  conglomeratea  are 
sometimeB  found,  containing  no  porpbjritio  detritus ;  secondly, 
because  in  the  upper  conglomerates,  angular  fragments  of  porphyry 
occur,  often  exceeding  a  ton  in  weight,  which  are  not  referrible  to 
any  rock  in  ntu  in  the  neighbourhood ;  and  lastly,  because  some  of 
the  beds  of  sandstone  among  the  arenaceous  deposits  appear  to  con- 
sist of  volcanic  sand,  projected  from  a  crater,  and  mixed  with  the 
sedimentary  deposits  then  in  progress, 

DuturbancsM.  From  some  of  the  beds  of  the  lower  new  red 
sandstone,  in  the  coal  fields  of  South  Staffordshire  and  Coalbrook 
Dale,  being  thrown  up  at  the  same  high  angle  as  the  carbonaceous 
strata,  and  conformable  to  them,  Mr.  Murchison  has  inferred,  that 
the  principal  fractures  around  these  coal  fields  took  place  after  the 
deposit  of  a  part,  at  least,  of  the  poikilitic  series*.  A  more  decided 
instance  of  this  occurs  on  the  eastern  side  of  the  Vosges,  where 
great  precipices  of  the  lower  sandstone  have  strata  of  the  upper  part 
of  the  system  spread  out  horizontally  at  their  feet. 

The  fine-grained  sandstones,  and  the  upper  argillaceous  lime- 
stones, of  this  system,  are  both  laminated,  implying  gradual  deposit; 
the  coarser  sandstones  occur  in  thicki'r  hods ;  the  marls  are  generally 
laminated ;  but  where  masses  of  gypsum  occur,  they  frequently 
derange  the  lamination,  and  render  it  probable  that  they  are  due  to 
ition,  subsequent  to  the  formation  of  the  strata. 


OMiqua  Lamination. 
In  this,  and  other  systems,  we  frequently  meet  with  sandstones, 
in  which  the  laminie  are  not  parallel  to  the  general  plane  of  strati- 
Gcation,  as  in  a  a,  but  oblique  to  it,  or  curved,  as  in  ft  c.     Parallel 


lamination  may  be  regarded  as  the  result  of  tranquil  deposit,  curved 
and  oblique  laminse  as  the  effects  of  conflicting  currents  varying  in 
direction  and  velocity. 

*  pToettdittgi  9f  Iht  GnktiaU  Saeitly,  voL  ii.,  p.  19S. 
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Itaoau  of  lime,  aad  widi  9fmnj  hoOawm.  fiacd  witk  iijiaih  cf  dw 
doiiUe  Gubnste  of  lime  aad  ma^Beam.  TIk  limwuiw  are  ain 
sofnecimcc  enntalliiie,  and  u»mMtii  of  the  nme  doable 
Ther  are  aL»  eoocretioDarT.  kariag  a  aiiall  or  larfe 
The  fioirmer,  wheo  regolar.  ma j  be  caOed  ooiitie.  In  the 
tknanrlimeitoiieaf  Sonderlaad,  dK  ^obolar  maBa  hare  a  ladiated 
itmeture.  aod  are  freqneotl  j  aa  lai]^  as  raimon  baDa,  and  the  ome 
eooeretioo  is  ■omedmes  eaomoo  to  two  beda,  which  appean  to 
prove  that  this  structure  was  saperiudBced  after  the  mffhawiral 
depositioo  of  the  beds. 

This  structure  is  analogous  to  that  of  some  of  the  tertiarj  laci»- 
trine  limestone  of  Aorergne,  and  to  that  of  nxxieni  trarertins,  and 
pisolites,  and  mar  hare  resulted  from  sub-marine  sprites,  hoHing 
their  minted  dements  in  solntioD. 


Ori^m  of  the  peculiar  Mimeral  Charaeten  of  tkU  SynUwL,  cUcmre, 

The  peculiar  mineral  diaracten  of  the  roda  of  the  pdldlitic 
era,  their  general  red  tinge,  the  prevalence  of  eonglomerates  in 
the  lower  part,  the  concretionary  diameter  of  some  of  its  lime- 
stones, the  abundance  of  gjpsum  and  of  rock  salt,  iq^pear  to  indi- 
cate peculiar  phjsical  conditions,  existing  during  a  considerable 
period,  over  extensire  regions  of  the  earth.     The  light  of  inductive 
reasooiDg  may,  perhaps,  hereafter  guide  us  to  a  discovery  of  the 
nature  of  those  conditions,  but  at  present  we  have  not  sufficient 
data  to  warrant  us  in  attempting  a  solution  of  the  question ;  and 
from  conjectures,  however  inviting,  it  is  roost  prudent  to  abstain. 
We  may,  however,  from  this  point,  take  a  re\'iew  of  the  course  of 
events  marked  by  geological  phenomena  as  having  preceded  the  form- 
ation of  this  system  of  rocks,  and  we  may  cast  onr  eyes  forward 
over  those  which  succeeded,  tracing,  as  far  as  we  are  able,  the  rela- 
tions of  cause  and  effect  subsisting  between  the  various  phenomena. 
In  entering  on  this  examination,  we  find  that,  from  the  commence- 
ment of  the  fossiliferous  series,  up  to  the  period  in  the  earth'^s  his- 
tory at  which  we  are  now  arrived,  four  distinct  epochs  are  clearly 
defined  :  two  of  repose,  and  two  of  disturbance.    During  each  period 
of  rej)08o,  a  great  suwession  of  aqueous  deposits  appears  to  have 
been  formed  regularly  aiul  tranquilly,  subject  during  their  deposition 
to  occasional  local  outbui^ts  of  igneous  matter,  like  those  of  modem 
volcanic  action,  but  not  to  any  general  fracture  and  elevation  of  the 
sedimentary  strata  evinced  by  the  discordant  position  of  different 
members  of  tho   series.      The  first  tranquil  epoch  comprises  the 
Cambrian  and  Silurian  systems;  the  second  includes  all  the  carbon- 
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iferous  deposits.     These  two  periods  of  repose  are  succeeded  by  two 
of  the  most  general  disruptions  of  the  earth'^s  crust  of  which  we 
have  any  evidence,  being  observable  in  so  many,  and  such  widely 
distant  localities,  that  they  may  almost  be  considered  universal. 
Each  of  them  is  followed  by  a  series  of  sedimentary  rocks  uncon- 
formable to  the  strata  below,  and  consisting  of  conglomerates,  marls, 
and  sandstones,  all  coloured  red;  among  which,  organic  remains  and 
calcareous  strata  are  rare,  and  only  locally  developed,  the  organic 
remains  being  chiefly  confined  to  the  calcareous  beds,  and  to  those  in 
which  the  red  tinge  is  wanting.     During  the  period  of  repose  which 
divided  these  two  red  deposits,  there  had  been  a  great  increase  of 
organic  life  in  the  carboniferous  system,  and  a  great  deposit  of  lime- 
stone, accompanied  by  dark  coloured  argillaceous  strata,  like  those 
of  the  slate  series,  but  less  indurated.    The  second  series  of  red  rocks 
is  succeeded  in  a  similar  manner  by  great  deposits  of  calcareous 
matter,  (the  oolites,)  accompanied  by  a  multitude  of  organic  bodies, 
and  alternating,  as  before,  with  dark  coloured  clays.     In  the  British 
Islands,  the  regular  and  tranquil  deposit  of  sedimentary  strata  is 
nowhere  broken  by  great  movements  of  elevation,  till  the  supracre- 
taceous  era ;  and  we  have,  again,  no  general  formation  of  red  rocks, 
though  some  local  deposits  of  rocks,  resembling  the  poikilitic  in 
colour,  have  been  observed  among  the  tertiary  strata  in  other  parts 
of  Europe.     We  are  thus  led  to  connect  an  abundance  of  molluscs 
and  corals  with  an  extensive  developement  of  calcareous  rocks,  their 
absence  from  those  red  systems  where  they  are  rare  with  the  red 
colour,  and  that  red  tinge  with  extensive  disruptions  of  the  earth^s 
crust. 

The  prevalence  of  conglomerates,  immediately  succeeding  each 
fracture  and  elevation  of  the  strata,  indicates  powerful  currents  pro- 
duced in  the  sea  by  the  new  conditions  of  its  bed.     Their  great 
mass  indicates  the  violence  of  the  watery  action,  and  the  extensive 
degradation  of  the  newly  raised  land.     The  materials  of  which  they 
are  composed,  generally  referrible  to  the  nearest  upraised  masses  of 
rock,  their  unequal  developement,  their  occasional  absence,  and  the 
continuity  then  observable  in  the  sequence  of  deposits,  show  that, 
however  violent  those  disturbing  forces,  and  however  wide  the  areas 
over  which  they  acted,   they  proceeded  from  a  number  of  local 
centres,  at  a  certain  distance  from  which  the  effects  of  disturbance 
were  only  slightly  felt,  and  sedimentary  deposit  and  vital  action 
proceeded  in  their  regular  course.     Thus,  in  Great  Britain,  nothing 
can  be  more  decided  than  the  lines  of  demarcation  marked  by  uncon- 
formable position,  between  the  slate  rocks  and  the  carboniferous 
system,  and  between  the  latter  and  the  poikilitic  rocks;  and  yet,  even 
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within  our  own  island,  there  are,  as  we  have  seen,  spots  where  no 
such  breach  of  continuity  exists,  but  where  they  are  in  accordant 
position,  and  a  gradual  passage  may  be  traced  from  the  one  into  the 
other.  The  prevalence  of  conglomerates  in  the  lower  part  of  these 
red  systems,  and  of  sandstones  and  marls  in  the  upper  part,  shows 
a  gradual  diminution  of  the  disturbing  action,  and  a  return  from  a 
yery  general  state  of  disturbance  to  a  very  general  state  of  repose. 

There  is  this  difference  between  the  two  periods :  that  the  first  is 
not  marked  by  the  extinction  of  large  races  of  organic  bodies,  while 
the  second  is.  The  abundance  of  organic  life  during  the  carbon- 
iferous era,  appears  to  have  arisen  rather  from  the  extended  deve- 
lopement,  both  as  to  species  and  individuals  of  genera  already  exist- 
ing, than  from  the  destruction  of  old,  and  the  introduction  of  new 
types.  The  second  period  of  disturbance  connects  zoologically  the 
second  and  third  period  of  repose.  In  its  lower  parts  are  found  the 
expiring  races,  which  had  flourished  during  a  long  preceding  epoch; 
its  upper  members  exhibit  the  dawn  of  new  tribes  of  plants  and  ani- 
mals which  were  to  be  largely  developed  in  the  next  superior  system, 
and  gradually  in  their  turn  to  disappear  and  to  be  replaced  by  others. 

We  have  before  remarked  that  the  series  of  tranquil  sedimentary 
deposits,  which  succeeded  the  poikilitic  system,  is  not  in  England 
affected  by  great  fractures  and  tilting  of  the  strata,  till  the  tertiary 
era.  We  shall  see,  however,  as  we  proceed,  that  it  exhibits  proofs 
of  oscillations,  by  which  deep  oceans  were  converted  into  shallow 
estuaries,  or  even  into  dryland,  again  submerged,  and  again  elevated; 
but  these  elevations  and  depressions  appear  to  have  been  effected  by 
a  gradual  intumescence  and  contraction  of  the  crust,  like  that  which 
we  find  to  have  taken  place  in  recent  times,  and  to  be  even  now  in 
progress,  in  the  Scandinavian  peninsula,  and  which,  according  to 
Mr.  Darwin,  is  elevating  and  depressing  alternate  bands  of  the  bed 
of  the  Pacific  Ocean.  To  such  movements,  unaccompanied  by 
violence,  we  have  referred  for  an  explanation  of  some  of  the  alterna- 
tions of  strata  containing  marine  and  terrestrial  remains  in  the 
carboniferous  series. 

But  whence,  it  may  be  asked,  arises  the  prevalent  hue  of  the  old 
and  new  red  sandstones!  In  each  of  them,  it  is  connected  with 
extensive  disruptions  of  the  earth^s  crust,  and  with  the  absence  of 
organic  remains,  to  the  preservation  of  which,  or  to  the  existence  of 
animal  life,  it  appears  to  have  been  unfavourable.  In  strata,  like- 
wise, of  other  epochs  than  the  poikilitic,  it  appears  to  be  connected 
with  the  presence  of  rock  salt,  gypsum,  and  limestone  containing 
magnesia.  Dr.  Dalton  found  that,  in  the  sandstone  of  Manchester, 
the  red  colour  was  a  mere  superficial  crust,  investing  grains  of  clear 
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quartz,  and  there  is  no  doubt  that  in  the  marls  and  sandstones  this 
red  hue  arises  from  the  presence  of  peroxide  of  iron,  as  that  of  the 
greenish  yellow  and  blue  portions  of  the  rock  arises  from  iron  in  a 
lower  state  of  oxidation.  But  whence,  again,  came  all  this  oxide  of 
iron  i  Mr.  Lyell  ascribes  it  to  the  abrasion  of  rocks  of  mica  slate,  or 
trap,  containing  it  in  great  abundance.  This  explanation  might  be 
satisfactory  with  respect  to  a  local  red  tinge,  pervading  the  deposits 
of  several  epochs  in  the  vicinity  of  such  rocks,  but  appears  inade- 
quate to  account  for  the  periodical  prevalence  of  that  colour,  and  its 
general  diffusion  at  particular  epochs;  and  the  rare  occurrence  of 
mica  in  the  poikilitic  sandstones  is  unfavourable  to  the  hypothesis 
of  their  having  been  formed  from  the  detritus  of  mica  slate.  Other 
geologists  have  suggested,  that  the  prevalent  red  hue  may  have 
arisen  from  the  general  influence  of  volcanic  eruptions  on  the  sedi- 
ment of  the  ocean.  We  would  advance  a  step  further,  and  inquire 
whether  the  oxide  of  iron,  which  forms  the  colouring  matter,  may 
not  have  been  introduced  into  the  waters  of  the  sea  in  the  form  of  a 
sulphate,  flowing  from  submarine  springs,  during  this  extensive  vol- 
canic action.  Dr.  Forchammer,  according  to  an  unpublished  sug- 
gestion, cited  by  Professor  Phillips,  has  recourse  to  powerful  sub- 
marine springs,  charged  with  the  mingled  carbonate  of  lime  and 
magnesia,  for  the  origin  of  the  magnesian  limestone.  The  rock  salt 
occurring  in  local  masses  in  this  formation,  may  have  been  produced, 
reasoning  from  existing  analogies,  either  by  the  desiccation  of  the 
water  of  the  sea  by  local  heat ;  or  it  may  have  been  derived  from 
volcanic  springs.  The  gypsum,  lime,  and  silex,  of  the  lacustrine 
strata  of  Auvergne,  are  ascribed  by  Mr.  Lyell  to  cold  and  thermal 
,  springs,  holding  these  different  ingredients  in  solution  during  the 
successive  convulsions  attending  the  developement  of  volcanic 
agency ;  and  the  same  author  considers  it  probable  that  the  zoophytic 
and  shelly  limestones,  which  constitute  the  coral  reefs  of  the  Indian 
ocean,  were  derived  from  submarine  springs,  which  furnished  lime 
to  the  waters  of  the  sea,  from  which  it  was  elaborated  by  organic 
agency;  and  may  not  sulphate  of  iron,  which,  as  well  as  sulphuric 
acid,  is  found  in  the  springs  of  volcanic  regions,  have  been  exten* 
sively  difiused  through  the  ocean,  by  the  same  means,  during  periods 
of  intense  disruptive  action ! 

This  idea  was  suggested  by  the  copious  yellow  precipitate,  pro- 
duced in  a  mill  pool  by  the  water  flowing  from  the  precipitation  pits 
of  the  Parys  Mine,  after  copper  has  been  separated  from  a  solution 
of  its  sulphate  by  metallic  iron.  As  soon  as  the  solution  of  proto^ 
sulphate  of  iron  enters  a  stream  of  fresh  water  which  feeds  the  pool, 
it  acquires  an  additional  dose  of  oxygen,  and  the  yellow  insoluble 
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sulphate  of  the  peroxide  is  deposited.  The  finer  sediment  of  the 
central  parts  of  the  mill -pool  is  used  as  a  yellow  pigment,  or  con- 
verted into  a  red  paint,  hy  exposure  to  a  low  heat.  The  less  pure 
parts,  contaminated  with  sand  and  mud,  are  mixed  with  lime  to  pro- 
duce a  cement  which  sets  under  water,  like  those  varieties  of  the 
magnesian  limestone  which  contain  much  oxide  of  iron.  Now,  if 
springs  holding  the  mingled  carbonates  of  lime  and  magnesia  in  solu- 
tion, entered  this  pool  on  one  side,  while  proto-sulphate  of  iron,  with 
an  excess  of  sulphuric  acid,  flowed  in  at  the  other,  we  should  have 
calcareo-magnesian  deposits  in  one  part,  and  yellow  sediment  in 
another,  resembling,  in  colour,  some  of  the  yellow  varieties  of  new 
red  sandstone,  and  where  the  two  solutions  met,  carbonate  of  lime 
would  be  decomposed,  and  sulphate  of  lime  formed ;  and  if  the  pool, 
instead  of  being  filled  with  fresh  water,  were  a  shallow  sea,  the  bed 
of  which  was  subject  to  the  action  of  subterranean  heat,  local  depo* 
sits  of  chloride  of  sodium  might  take  place,  and  the  yellow  colour 
of  the  argillaceous  and  sandy  sediment  would  be  changed  to  red. 

We  have  experimentally  formed  red  marl,  resembling  the  poi- 
kilitic,  by  mixing  clay,  of  the  colour  of  the  London  clay,  with  a 
solution  of  sulphate  of  iron,  exposing  the  mixture  to  the  air,  till  it 
acquired  a  yellow  colour,  and  then  evaporating  the  liquid,  and 
indurating  the  argillaceous  matter,  in  a  watch  glass  on  a  sand-bath 
placed  over  the  flame  of  a  lamp.  It  remains  to  be  determined, 
whether,  by  mixin^r  successive  portions  of  argillaceous  and  sandy 
matter,  with  solutions  of  lime,  magnesia,  sulphate  of  iron,  and 
chloride  of  sodium,  and  by  the  application  of  a  moderate  heat,  red 
and  mottled  marls  and  sandstones  may  not  be  produced,  containing 
the  characteristic  minerals  of  the  poikilitic  system.  Some  who  may 
be  disposed  to  admit  that  the  oxide  of  iron  was  introduced  in  the 
form  of  a  sulphate,  will  perhaps  deny  that  it  was  poured  out  from 
the  interior  of  the  earth  by  submarine  springs,  and  may  prefer  to 
derive  it  from  the  decomposition  of  iron  pyrites  contained  in  the 
shales  of  the  coal  measures,  which  suffered  such  extensive  destruc- 
tion during  the  movements  which  preceded  the  deposit  of  the 
poikilitic  rocks. 
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CHAPTER  XV. 

General  mete  of  the  Oolitic  Group — northern  and  southern  types  of 
England— applicable  to  most  of  the  north  of  Europe. — Table  of 
subdivisions  of  the  oolites  in  England — the  lias — its  subdivisions 
and  mineral  characters — range — great  outlier  in  Shropshire — 
organic  remains—peculiar  structure  of  oolitic  fishes — reptiles — 
ichthyosaurus  and  plesiosaurus — their  sudden  destruction  and 
inhumation, — Inferior  oolite — subdivisions — oolitic  coal  fields  of 
Scarborough  and  Brora — organic  remains — plants  distinct  from 
those  of  the  carboniferous  system — megalosaurus — pterodactyl — 
marsupialia. — Middle  oolite — subdivisions — extent — character- 
istic  fossils. —  Upper  or  Portland  oolite — subdivisions — range — 
characteristic  fossils — submerged  forest  of  the  dirt-bed— proofs  of 
oscillations  of  level, —  Wealden  group — subdivisions  and  range — 
fossils— fiuviatile  shells — plants — cUxthraria  and  endogenites — 
reptiles — iguanodon — hylwosaurus — birds — origin  of  this  local 
deposit — absence  of  mammalian  remains — Wealden  coal  field 
of  the  north  of  Germany — contemporaneous  marine  strata. — 
Geographical  extent  of  the  oolitic  system, — Anomalous  mixture 
of  fossils  in  Southern  Europe, — Disturbances  and  igneous  rocks. 

Oolitic  System. 

Synonyms,  Oolitic  formation,  English  authors.  Calemre  de  Jura;  Cahahre 
Jurassiquef  French.  lAaa,  English  authors.  Caloaire  d  GryphUeSy  French.  Jura- 
kaUcy  Grerman. 

General  View  of  the  Oolitic  Group. 

This  system  of  rocks  derives  its  name  from  the  concretionary  cha- 
racter of  some  of  its  limestones,  which  are  composed  of  small 
globular  particles,  resembling  the  eggs  or  roe  of  fishes*.  It  is 
extremely  rich  in  organic  remains,  which  form  a  group  entirely 
distinct  from  those  of  the  systems  above  and  below  it.  Its  sub- 
divisions, at  least  over  moderate  areas,  are  better  characterized  by 
peculiar  species  than  the  rocks  of  any  other  part  of  the  fossiliferous 
series.  The  study  of  these  subdivisions,  and  of  their  fossil  contents, 
led  the  celebrated  William  Smith  to  the  discovery  that  England 
was  divided  into  strata,  succeeding  one  another  in  regular  order, 
over  great  areas,  with  a  dip  towards  the  east,  and  that  distant  but 
contemporaneous  groups  of  strata  contained  assemblages  of  plants 

♦  Qov, "  egg." 
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and  animals  peculiar  to  themselves,  each  stratum  having  constituted 
successively  the  bed  of  the  sea.  The  oolitic  system,  as  Mr.  Cony- 
beare  remarked^  in  his  Outlines  of  the  Geology  of  England  and 
WaleSy  is  susceptible  of  divisions  by  mineralogical  characters  into 
three  natural  groups,  each  consisting  of  argillaceous,  arenaceous, 
and  calcareous  beds,  succeeding  one  another  in  the  same  order, 
the  argillaceous  being  in  each  case  the  lowest,  supporting  calca- 
reous sand,  which  again  is  covered  by  numerous  beds  of  oolitic 
limestone. 

Northern  and  Southern  Types.  But  though  the  rocks  of  the 
oolitic  system  maintain  a  certain  general  resemblance  of  mineral 
character  in  far  distant  localities,  they  are  subject  to  considerable 
local  variations,  so  that  in  the  range  of  these  rocks  through  England 
we  have  a  northern  and  a  southern  type.  That  of  the  south  is  the 
most  calcareous ;  that  of  the  north  is  distinguished  by  the  lower 
part  of  the  group  containing  great  masses  of  sandstone,  analogous 
to  those  of  the  coal  formation,  accompanied  by  thin  beds  of  coal 
and  layers  of  ironstone,  while,  at  the  same  time,  there  is  a  diminu- 
tion of  calcareous  matter.  In  the  south-east  of  England,  also,  there 
is  a  local  arenaceous  deposit,  which  is  wanting  both  in  Yorkshire 
and  the  neighbourhood  of  Bath. 

English  Types  applicable  to  most  of  the  North  of  Europe.  To  the 
southern  type  of  England  belong  the  oolitic  rocks  of  the  greater  part 
of  France,  and  of  a  large  portion  of  Europe.  In  Normandy  they 
are  scarcely  distinguishable  from  those  of  the  south  of  England,  even 
to  some  of  the  minor  subdivisions;  but  in  the  south  of  France,  and 
in  the  Jura,  from  Geneva  to  Beyrouth,  though  analogous  to  the 
English  series,  the  formations  are  less  easily  distinguishable.  To 
the  Yorkshire  type  are  referrible  the  small  patches  of  oolitic  rocks 
which  occur  in  Scotland  and  the  Hebrides,  and  those  of  the  northern 
parts  of  Westphalia.  In  Wirtemburg,  a  part  of  Franconia,  and 
along  the  flanks  of  the  Alps,  from  Switzerland  to  Vienna,  the  cal- 
careous masses  acquire  a  great  developement,  and  the  argillaceous 
members  diminish,  thus  constituting  a  third  type,  in  which  it  is 
difficult  to  recognise  any  formation,  except  the  lias  and  oolite. 
These  are  represented  in  the  Alps  by  dark-coloured  schists  and 
limestone,  so  compact  that  the  organic  remains  are  only  discernible 
on  a  weathered  surface,  and  hence  they  were,  for  a  long  time,  referred 
to  the  transition  or  slate  series. 

The  following  table  exhibits  the  different  formations  and  sub- 
divisions in  the  south  of  England : — 
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Formations* 


Wealden  ) 
(Local).  ) 


Upper   1 
Oolite.) 


MiddleI 
Oolite.) 


StMUvmom, 


YanU. 


300 


130 


150 


Lower    \ 
Oolite,  j 


130 


Lias. 


350 


Weald  clays. 
Hastings  sands. 


Purbeck  beds. 


Portland  oolite. 


Kimmeridge  clay. 


Uppercalcareonsgrit 
Coralline  oolite. 
Lower  calcareousgrit. 
Oxford  clay. 
Kelloways  rock. 


Combrash. 

Forest  marble,  and 
Bradford  clay. 


Bath  or  great  oolite. 


Fullers*  earth  beds. 


Inferior  oolite. 


Sands. 


LUhoiogioai  characters  and  FossUs, 


/  Blue  clay,  with  beds  of  marlstone, 
I  and  shelly  limestone,  and  layers 
i  of  ironstone.  Freshwater  shells. 
/  Gray,  or  ferruginous  sand  and  sand- 
I  stone.  Land  plants,  bones  and 
(  teeth  of  iguanodon. 
I  Limestones,  shales,  and  marls. 
^    Freshwater  shells. 


( Limestone,  locally  oolitic ;  some  beds 
I    full  of  marine  shells, 
(clay,  blue  or  bluish  yellow,  with 
I     selenite,  and  layers  of  bituminous 
^    shale.    Osirea  delUndea^  in  beds  i 


1 


, Calcareous  sandstone;  with  ammo- 
nites, and  other  sh^ls. 

Rubbly  impure  limestone ;  with  echi- 
nida  and  shells,  and  local  beds  of 
coraL 

Calcareous  sandstone;  anmionites, 
and  other  shells. 

Blue  clay,  brown  on  the  suiface^ 
with  concretions  of  argillaceous 
limestone.  Gryphaa  dUatata, 

Calcareous  sandstone;  full  of  casts 
of  fossils.    Ammonites  CaUovisnsis, 


(Thin,  impure,   compact  limestone; 
(     with  shells. 

fBluish,  or  gray,  thin-bedded  lime- 
{  stone  and  day,  with  concretions  of 
V  calcareous  sandstone, 
r  Shelly,  compact,  and  arenaceous 
j  limestone,  in  several  beds.  Shells, 
I  corals,  pentacrinuSf  i^iocrinus, 
megalosaurusy  pterodactyls, 

{Calcareous  and  ai^gillaceous  alter- 
nations, with  1m»J  deposits  of 
fullers'  earth. 
Brown  and  ferruginous  limestones, 
passing  into  ferruginous  sands  and 
sandstones  in  the  Midland  coun- 
ties. Shells. 
I  Containing  masses  of  conoretionaiy 
\     limestone,  with  shells. 


Upper  lias  shales. 

Marlstone  rocks. 

Middle  lias  shales. 
Lias  limestone. 

Lower  lias  clay. 


(Abundance  of  saurians  and  shells; 
(     belemnites. 

( Full  of  shells,  terebratulsa,  pectines, 
I     avicula  inequivalvis 
Giyphsea  ammonites,  &c. 
Giyphna  incurva,  and  other  shells. 
(Passing  into  the  coloured  marls  of 
1    the  poikilitic  system. 


u 
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119 


Sew  JUd  8tmittm§, 


.:n 


// 


^VMior  OoKte, 


OMfvri  CIttg. 


Range  through  England. 

» 

From  Redcar  Cliff,  a  little  to  the  south 
of  the  Tees,  to  the  coast  of  Dorsetshire,  the 
rocks  of  the  oolitic  system  extend  in  a  con- 
tinuous band,  but  with  a  very  irreguhir  out- 
line. The  course  is  nearly  due  south  as  far 
as  Newark,  trending  thence  to  the  south- 
west. The  widest  part  of  this  zono  is  in 
the  midland  counties,  where  it  expands  to 
a  breadth  of  nearly  forty  miles.  This  area 
constitutes  in  general  a  dry  upland  calcare- 
ous tract,  having  a  steep  escarpment  towards 
the  west,  and  a  gentle  slope  towards  the 
east,  and  forming  the  division  between  the 
eastern  and  western  drainage  of  the  island. 

This  calcareous  tract  is  divided,  how* 
ever,  into  a  series  of  longitudinal  furrows 
and  ridges,  the  former  scooped  out  of  the 
yielding  clays,  the  latter  composed  of  the 
C9ma,  Rag,  ^.  more  durable  materials  of  the  limestone  of 
each  formation,  as  shown  in  the  annexed 
diagram*.  The  Wealden  forms  no  part  of 
this  continuous  band,  but  is  chiefly  exposed 
by  a  disruption  and  denudation  of  the  chalk 
in  the  counties  of  Kent  and  Sussex,  some 
slight  traces  of  it  being  exhibited  in  the 
Vale  of  Wardour,  in  Wiltshire,  in  the  Isles 
of  Wight  and  Purbeck,  and  on  the  coast  of 
France. 

Between  Paris  and  Metz  a  zone  of  oolitic 
limestones  and  clays  is  crossed,  similar  to 
that  of  the  midland  counties  of  England, 
but  with  a  reversed  dip,  the  escarpments  of 
the  limestones  being  towards  the  east. 


Ktmmeridge  Clttp, 


^PortUmd  OoUte, 


Greemand  ami 
Omult, 


C/Mk, 


^% 


London  Clag, 


*  In  fig.  60,  the  succession  of  British  strata  was 
shown,  from  the  chlorite  slate  to  the  poikilitic  STStem ; 
this  diagram  continues  the  series  to  the  tertiary  de- 
posit of  the  London  clay,  upon  which,  on  the  coast  of 
Norfolk  and  Suffolk,  rest  the  miocene  and  pliocene 
beds  of  the  coralline,  red^  and  Norwich  crag. 
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Lias  Formation. 
Subdivisions, 

1.  Upper  lias  marls  and  shales. 

2.  Marlstone  rocks. 

3.  Middle  lias  shales. 

4.  Lias  limestones. 

5.  Lower  lias  clay,  sometimes  passing  into  the  red  marls  of  the 
poikilitio  system. 

Lias,  originally  an  English  provincial  name  for  a  peculiar  kind 
of  limestone,  is  now  very  generally  applied  to  a  group  of  strata  of 
considerable  thickness  which  is  the  most  widely  diffused  of  the  oolitic 
rockg,  and  preserves  a  remarkable  uniformity  of  mineral  character 
through  a  great  part  of  Europe.  Its  prevailing  character  is  argil- 
laceous, with  strata  of  argillaceous  limestone,  (the  calcareous  deposits 
prevailing  in  the  lower  part  of  the  series,)  separated  by  narrow 
partings  of  dark  clay,  which  impart  to  quarries  of  this  rock  a  striped 
or  ribband-like  appearance.  The  most  common  hue  of  the  lime- 
stones is  blue,  but  it  is  sometimes  white.  In  Bavaria,  Westphalia, 
and  the  vicinity  of  the  Hartz,  the  lower  part  of  the  formation  passes 
into  an  arenaceous  deposit,  which  is  one  of  the  rocks  known  to  the 
Germans  by  the  name  of  Quadersandstein. 

Range. 

» 

In  England  the  upper  part  of  the  lias  formation  constitutes  the 
base  of  the  Yorkshire  Moorlands,  and  is  seen  in  the  cliffs  between 
the  Peak  alum  works,  ne^  Whitby,  on  the  south,  and  Redcar 
Cliff  on  the  north.  It  is  likewise  exposed  in  the  denudation  of  the 
Esk,  and  in  the  other  hdiljpws. intersecting  those  hills,  crops  out 
from  beneath  the  sandstones  which  constitute  their  summits,  and 
spreads  over  the  low  plain  lying  to  the  westward  of  them.  The 
course  of  this  tract  of  lias  follows  the  sinuosities  of  their  western 
escarpments,  from  the  mouth  of  the  Tees,  first  south-east,  with  a 
breadth  exceeding  on  an  average  five  miles,,  as  far  as  the  banks  of 
the  Derwent,  when  its  breadth  is  considerably  diminished,  and  in 
some  places,  particularly  near  Bidiiop  Wilton,  it  is  almost  concealed 
by  the  overlapping  chalk  of  the  Wolds. 

From  the  right  bank  of  the  Humber,  the  lias  ranges  nearly 
south  to  Newark,  and  thence  south-west  to  Gloucester,  with  a  con- 
tinuous, but  irregular  outline,  passing  Gainsborough,  Bingham, 
Leicester,  the  quarries  of  Burton-upon-Soar,  Lutterworth,  Southam, 
Stratford-upon-Avon,  to  Evesham.  From  this  place,  a  projection 
runs  out  northwards  from  the  general  boundary  for  about  fifteen 
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miles,  thence  returning  southward  by  Pershore,  Tewkesbury,  Glou- 
cester, and  Berkeley,  to  the  banks  of  the  Avon,  near  Keynsham. 

Throughout  this  long  tract,  the  greatest  breadth  of  which, 
extending  to  twenty  miles,  is  between  Oakham,  in  Rutlandshire, 
and  Stow,  in  Gloucestershire,  the  area  occupied  by  the  lias  forma- 
tion is  bounded  continuously  on  the  west  by  the  marls  and  sand- 
stones of  the  poikilitic  system,  and  on  the  east  by  the  escarpment 
of  the  inferior  oolite,  at  the  foot  of  which  it  forms  a  broad  rale,  but 
sometimes  constitutes  a  part  of  the  escarpment.  South  of  the  Avon, 
the  course  of  the  lias  to  the  cli%  of  Lyme  Regis  becomes  very 
irregular  among  protruded  masses  of  older  rocks  and  outliers,  and 
promontories  of  more  recent  formations.  South  of  the  Mendip 
Hills,  it  throws  off  several  projecting  tongues,  the  longest  of  which 
extends  from  Somerton  to  about  five  miles  beyond  Watchet.  Prom 
the  southern  bank  of  the  river  Parrot,  near  Langport,  the  lias 
proceeds  southwards  by  Ilminster,  passing  beneath  some  outlying 
masses  of  the  overlapping  cretaceous  rocks  to  the  coast  at  Lyme 
Regis. 

Great  Outlier  in  Shropshire,  A  detached  portion  occurs  on  tho 
coast  of  Glamorganshire,  at  Aberthaw,  opposite  Watchet,  bat  the 
most  remarkable  outlier  of  lias  is  that  lately  discovered  by  Mr. 
Murchison,  near  Whitchurch,  in  Shropshire,  fifteen  miles  long,  and 
nearly  fifty  distant  from  any  other  portion  of  this  formation,  thus 
constituting  a  monument  of  the  extensive  denuding  action  to  which 
it  has  been  exposed. 

The  thickness  of  the  lias  has  been  already  stated  at  about  1000 
feet.  It  nowhere  in  England  attains  a  greater  elevation  than  500 
feet  above  the  sea.  The  points  where  it  may  be  best  examined  are 
the  cliffs  of  Whitby,  Watchet,  Aberthaw,  and  Lyme  Regis. 

Organic  Remains. 
Zoophytes^  Echinida^  and  Shells. 

The  fossils  of  this  formation  constitute  a  well-characterized 
group,  composed  of  species  chiefly  marine  and  littoral.  Corals, 
echinida,  and  stellerida,  are  rare;  crinoidea  are  common,  particu- 
larly the  genus  pentacrinus  (120 — 122).  It  contains  conchifera 
(bivalves)  of  all  orders.  The  prevailing  genera  are  terebratula  and 
gryphffia  (123),  tho  last  in  such  abundance  as  to  have  given  rise 
to  the  Continental  name  for  the  formation  of  Calcaire  k  gryphites. 
It  likewise  contains  several  species  of  the  genera  plagiostoma,  (126) 
modiola,  and  pholodomya,  avicula  inaequivalvis  (125)  is  common  to 
the  upper  lias  and  inferior  oolite.     The  ancient  genus  spirifera  termi- 
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nates  with  this  formation.  Cepbslopodoua  moUusoa  (cbunbered 
univalves)  are  abundant,  of  the  genera  ammonites  (124),  betemnites, 
aud  nautiluB. 

Fuhei  and  Beptilet. 

The  fishes  of  the  liaa,  as  well  as  of  the  whole  oolitic  group,  to 
which  they  are  genericallj  related,  belong  to  the  ganoid  order  of 
Agaasiz,  distinguished  by  a  protecting  cuirass,  extending  from  the 
head  to  the  rays  of  the  tail,  and  composed  of  bony  rhomboidal 
scales  covered  with  enamel.  Reptiles  are  numerous.  The  most 
remarkable  are  the  marine  genera,  ichthyosaurus  and  plesiosaurus, 
in  which,  by  a  wonderful  modificatioD  of  structure,  the  aaurisa 
type  was  adapted  for  a  constant  residence  in  the  sea. 

Iehthyo»auru»  (127).  In  the  icbthyosauma,  some  species  of 
which  must  have  exceeded  thirty  feet  in  length,  the  general  form  of 
the  porpoise  was  combined  with  the  head  of  a  hzard  and  the  teeth 
of  a  crocodile.  The  power  of  rapid  motion  through  the  water,  indi- 
cated by  the  form  of  the  vertebrse,  doubly  concave  like  those  of  a 
fish,  the  ease  and  rapidity  with  which  it  must  have  been  able  to 
elevate  and  depress  itself  by  means  of  paddles,  like  those  of  a  whale, 
and  a  sternal  arch,  like  that  of  the  omithorynchus  of  Anstralia,  and 
the  powers  of  vision  afforded  by  enormous  eyes  defended  by  a  circle 
of  bony  plates,  as  in  turtles  and  lizards,  must  have  rendered  it  a 
formidable  tyrant  of  the  deep,  and  must  have  admirably  adapted  it 
for  supplying  in  the  economy  of  nature,  the  place  of  the  predaceous 
family  of  sauroid  fishes  of  the  older  epochs,  which  had  now  become 
extinct.  We  have  ample  and  curious  evidence  of  its  voracity  and 
of  the  nature  of  its  prey,  in  the  discovery  within  the  skeleton  of  the 
half-digested  remains  of  fishes  and  small  ichthyosauri,  and  of  the 
fossil  feces  containing  the  same  remains  strewed  for  miles  over  the 
bed  of  the  liaaeic  sea.  (128.) 


Cofrollts  of  Ichlbjouiinu. 
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This  genus  is  most  extensively  developed  in  the  lias,  but  has 
been  discovered  in  the  muschelkalk  and  in  the  lower  formation  of 
the  cretaceous  series. 

Plesiosaurus.  In  the  plesiosaurus  (129),  to  a  structure  some- 
what analogous,  but  less  adapted  for  rapid  motion  through  the 

129 


Fletiosauras  dolichodeinu. 

water,  was  added  a  small  head  and  a  long  neck,  exceeding  in  the 
number  of  its  vertebrae  that  of  the  swan,  and  from  its  general 
organization  it  is  probable  that  it  swam  on,  or  near  to,  the  surface, 
and  frequented  shallow  water,  where  it  lurked  among  weeds,  and 
darted  out  its  long  and  flexible  neck  to  seize  its  prey. 

Sudden  Inhumation  of  Organic  Remains. 

One  of  the  most  remarkable  circumstances  attending  these 
fossil  remains  is,  that  they  appear  to  have  met  with  sudden  destruc- 
tion and  immediate  envelopement  in  sediment,  if,  as  Mr.  De  la 
Beche  has  observed,  they  were  not  buried  alive. 

The  evidence  of  this  sudden  inhumation  consists  in  their  perfect 
state,  scarcely  a  bone  or  scale  being  removed,  as  would  have  hap- 
pened had  they  been  exposed  even  for  a  short  time  to  the  putre- 
factive process,  and  sometimes,  as  before  remarked,  the  contents  of 
the  intestines  are  found  within  the  pelvis.  Another  proof  of  sudden 
inhumation  in  the  lias,  is  afforded  by  the  ink  bags  of  a  species  of 
loligo,  which  are  frequently  found  at  Lyme  Regis,  distended  with 
the  ink  in  a  dried  state,  so  perfectly  preserved  as  to  be  capable  of 
being  used  for  the  same  purposes  as  Indian  ink,  which  is  obtained 
from  an  Oriental  species  of  existing  loligo.  "  Cuvier,**'  says  Dr. 
Buckland,  "  drew  his  figures  of  the  recent  sepia  with  ink  extracted 
from  its  own  body;  I  have  drawings  of  the  remains  of  extinct 
species  prepared  also  with  their  own  ink.  With  this  fossil  ink  I 
might  record  the  fact,  and  explain  the  causes  of  its  wonderful  pre- 
servation. I  might  register  the  proofs  of  instantaneous  death 
detected  in  these  ink  bags,  for  they  contain  the  fluid  which  the 
living  sepia  emits  in  the  moment  of  alarm;  and  might  detail  the 
evidence  of  their  immediate  burial,  afforded  by  the  retention  of  the 
forms  of  these  distended  membranes,  since  they  would  speedily 
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have  decayed  and  spilt  their  ink,  had  they  been  exposed  but  a  few 
hours  to  decomposition  in  the  water  *.^ 

In  these  facts  we  have  proof  of  sudden  irruptions  of  muddy 
water,  from  time  to  time,  destroying  many  marine  animals,  and 
burying  them  in  sediment;  but,  on  the  other  hand,  we  have  also 
evidence  of  the  lapse  of  a  long  period  of  time  occupied  in  the 
deposition  of  the  component  members  of  the  lias.  This  evidence 
consists  in  the  immense  quantity  of  molluscs,  which  arrived  at 
maturity  between  these  successive  invasions  of  mud,  and  also  in  the 
lines  of  coprolites  or  fossil  feces  at  various  levels,  the  upper  surface 
alone  having  suffered  partial  decomposition  from  the  action  of 
water  before  they  were  protected  by  muddy  sediment. 

The  few  vegetable  remains  found  in  the  lias,  consist  of  coni- 
ferous wood  and  cicadiform  plants. 

LowEB  Oolite. 

Next  to  the  lias  in  the  ascending  order  succeeds  the  inferior 
oolite,  a  complicated  and  varying  group  of  oolitic,  shelly,  and 
arenaceous  limestones,  flaggy  and  concretionary  sandstones,  and 
clays  containing  locally  subordinate  beds  of  fullers^  earth.  In  the 
neighbourhood  of  Bath,  where  its  thickness  is  between  400  and 
500  feet,  the  following  subdivisions  have  been  established,  com* 
mencing  with  the  upper  part : — 

Subdivisions. 

1.  Combrash  limestone. 

2.  Forest  marble  group,  including  the  Bradford  clay. 

3.  Bath  or  great  oolite. 

4.  Fullers^  earth  beds. 

5.  Inferior  oolite. 

6.  Sandstone. 

The  Sandstone^  which  forms  the  base  of  the  formation,  passes 
insensibly  into  the  upper  lias  shales,  by  the  admixture  of  various 
loamy  and  marly  beds  towards  the  lower  part. 

The  inferior  oolite^  the  type  of  which  is  at  Dundry  Hill,  near 
Bristol,  and  in  the  cli%  near  Bridport,  is  very  generally  distin- 
guished by  the  brown  tinge  imparted  to  it  by  a  large  portion  of 
disseminated  oxide  of  iron,  and  frequently  contains  much  siliceous 
matter.  In  the  midland  counties  it  becomes  more  arenaceous,  and 
passes  into  ferruginous  sand  and  sandstone,  a  broad  tract  of  which 
prevails  in  the  northern  part  of  the  counties  of  Oxford,  Northampton, 
and  Rutland. 

*  Bfidgewater  TreaiUe,  vol.  L,  p.  307. 
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The  fulUn  earth  beds  are  a  calcatfco-argiTbrfong  deponi,  eon- 
toining  one  or  more  indiuated  rwkj  ilrata,  aad  fireqpient  couiwMi  of 
•oft  mbble-stooe,  io  which  eakareoiis  matter  predonimates.  Hoe 
asd  jellow  days,  apfdieable  to  the  purpoaeB  of  fbllera^  earth,  alter- 
nate loeaU  J  with  thine. 

Batk  or  Great  OoUU,  a  eakareoiia  masi  Tarjing  in  thickneas  from 
130  to  200  feet,  the  aofter  beds  of  whidi  afibrd  the  weU-knofwn 
Badi  fteeatone.  It  naiiaU j  oeenrs  in  thick-bedded  maiwcA,  which 
thin  off  if  traced  to  anj  distance.  Hie  arenaceous  strata  iHiidi 
aceompan  J  it  often  diow  oblique  kmination. 

Mr.  Lonsdale  obsenres,  that  a  thorong^  acquaintance  with  this 
rock,  illnstrates  the  influence  which  oij^ic  remains  hare  on  the 
external  character  of  rocks.  When  free  from  fossils  it  presents  a 
uniform  texture,  yields  eamly  to  the  saw,  and  is  well  adapted  to  the 
chisel  of  the  sculptor.  Beds  in  which  diells  abound  acquire  the 
texture  of  forest  marble,  and  towards  the  top  of  the  series,  where 
polyparia  exist,  it  assumes  the  appearance  of  some  varieties  €t  the 
coral  rag*. 

The  Stonesfield  slate,  so  remarkable  for  the  mixture  of  marine 
and  terrestrial  remains,  has  latelj  been  proTed  bj  Mr.  Lonsdale  to 
belong  to  the  lower  part  of  the  great  oolite,  and  not,  as  formerly 
supposed,  to  the  forest  marble.  This  calcareous  slate  consists  6[ 
two  beds  of  thinly  laminated  oolitic  limestone,  each  about  two  feet 
thick,  and  separated  by  a  bed  of  calcareous  sandstone.  The  lime- 
stone is  extracted  by  means  of  galleries  about  six  feet  high  driven 
into  the  side  of  the  hill,  the  sandstone  and  refuse  being  piled  up 
to  support  the  roof.  The  slate,  on  being  struck  with  a  mallet, 
after  exposure  to  a  winter^s  frost,  separates  into  laminae,  sufficiently 
thin  to  afford  a  coarse  roofing  material.  A  similar  calcareous  slate 
is  worked  at  Easton  and  CoUyweston,  in  Northamptonshire. 

The  Forest  Marble^  a  bluish  or  gray  thin- bedded  limestone, 
intermixed  with  oolitic  particles.  It  is  associated  with  strata  of 
clay  and  sand,  the  former  known  by  the  name  of  the  Bradford  clay, 
the  latter  containing  concretions  of  calcareous  sandstone.  The 
name  of  Forest  marble  is  derived  from  the  occurrence  of  this  rock  in 
Whiehwood  Forest,  in  Oxfordshire,  where  some  of  the  more  com- 
pact bods  have  been  long  worked  as  a  coarse  marble. 

Cornbrash^  a  hard,  compact,  and  impure  limestone,  containing 
shells,  and  generally  occurring  as  a  thin  rubbly  deposit,  but  some- 
times composed,  as  near  Malmesbury,  of  thick  strata  of  crystalline 
limestone,  associated  with  beds  of  sand  and  sandy  clay. 

*  Trantaciiant  of  the  Geological  Sodeip. 
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Oolitic  Coal  Fields  of  Scarborough  and  Brora. 

Such  are  the  several  subdivisions  of  the  lower  oolite  formation 
ill  the  south  of  England.  It  has  already  been  stated  that  some  of  the 
calcareous  groups  become  more  arenaceous  in  the  midland  counties. 
On  the  coast  of  Yorkshire,  the  combrash  appears  to  be  the  only 
member  of  the  series  that  is  constant,  the  rest  of  the  mass  consisting 
of  alternations  of  sandstone  and  dark  clays,  full  of  land  plants, 
associated  with  ironstone  and  seams  of  coal,  and  divided  into  an 
upper  and  lower  series  by  a  thin  oolitic  limestone,  supposed  by 
Professor  Phillips  to  represent  the  great  oolite.  Some  of  the  beds 
of  coal  are  sufficiently  thick  to  be  worked  for  the  supply  of  the 
neighbourhood,  though  the  coal  afforded  by  them  is  of  inferior 
quality. 

At  Brora,  on  the  coast  of  Sutherland,  is  a  similar  coal  field, 
about  twenty  miles  long  and  three  broad,  where  Mr.  Murchison 
fouud  sandstones  and  shales,  containing  belemnites,  ammonites,  and 
leaves  and  stems  of  plants,  associated  with  beds  of  coal,  the  plants 
identical  with  those  of  the  oolitic  coal  field  of  Yorkshire. 

Range  of  Lower  Oolite  through  England. 

A  broad  but  irregular  tract  of  the  rocks  of  this  formation,  lying 
north  of  Scarborough  and  Kirby  Moorside,  bounded  on  the  east  by 
the  Northern  Ocean,  and  on  the  west  by  the  plain  of  the  lias,  con- 
stitutes the  eastern,  moorlands  of  Yorkshire,  and  to  this  district 
the  carboniferous  shales  and  sandstones,  representing  all  the  sub- 
divisions of  the  inferior  oolite  below  the  combrash,  are  nearly,  if 
not  exclusively,  confined.  The  calcareous  portion,  however,  extends 
in  a  narrow  belt  to  Kirby  Underdale,  where  it  is  covered  by  the 
chalk,  but  reappears  a  little  south  of  Market  Weighton,  and  ranges 
thence  to  the  Humber.  From  the  southern  bank  of  that  river  to 
Lincoln,  the  rocks  of  this  formation  are  confined  to  a  narrow  tract, 
and  consist  almost  exclusively  of  the  great  oolite ;  but  to  the  south 
of  Lincoln  they  gradually  expand,  and  the  series  becomes  more 
fully  developed,  the  eastern  boundary  passing  near  Sleaford,  Peter- 
borough, Bedford,  Buckingham,  Witney,  and  Malmesbury,.  to 
Frome,  and  the  western  boundary  (disregarding  the  sinuosities  of 
its  junction  with  the  lias)  may  be  described  as  ranging  by  Grant- 
ham, Uppingham,  Northampton,  Banbury,  Stow,  Cheltenham, 
Gloucester,  and  Wickwar,  to  Frome.  Within  this  area,  the  com- 
brash and  the  great  oolite  may  be  traced  continuously  on  the  east, 
and  the  inferior  oolite  is  represented  by  the  ferruginous  sandstone 
and  reddish  brown  sands  on  the  confines  of  the  counties  of  Lincoln 
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and  Leicester,  in  the  hills  about  Grantham,  in  the  vale  of  Belvoir, 
in  the  counties  of  Rutland  and  Northampton,  and  the  northern 
part  of  Oxfordshire.  The  southern  portion  of  that  county,  and  the 
range  of  the  Cotswold  Hills  through  Gloucestershire,  exhibit  a  com- 
plete series  of  the  subdivisions  of  this  formation.  From  Frome, 
they  hold  a  devious  and  irregular  course  through  the  counties  of 
Somerset  and  Dorset  to  the  sea-coast  at  Bridport. 

Organic  Remains. 

The  Plants  distinct  from  those  of  the  Carboniferous  System. 

The  organic  remains  of  the  inferior  oolite  are  more  varied 
than  those  of  the  lias.  The  plants,  which  occur  in  local  deposits, 
consist  chiefly  of  cycadese,  ferns,  and  equisetse.  Those  which 
approach  most  nearly  to  the  fossil  plants  of  the  coal  measures,  are 
the  ferns  (130,  131) ;  but  even  when  belonging  to  the  same  genera, 
they  are  specifically  distinct.  There  are  no  calamites,  lepidodendra, 
sigillarisB,  or  stigmarise. 

Zoophytes. 

Corals  of  many  genera,  accompanied  by  radiaria,  of  the  genera 
pentacrinus  and  apiocrinus  (132 — 134),  are  found  in  this  forma- 
tion generally,  but  chiefly  in  the  great  oolite.  At  Bradford,  near 
Bath,  the  surface  of  the  great  oolite  is  covered  with  the  roots  of 
Apiocrinus  rotundus,  still  remaining  on  the  spot  where  they  grew, 
while  the  stems  lie  prostrate  in,  or  are  scattered  through  the  superior 
stratum  of  Bradford  clay. 

Shells.  Fishes^  and  Crustaceans. 

Conchifera  of  all  orders  are  numerous.  The  genera  avicula, 
plagiostoma,  pecten,  modiola,  and  gervillia  (135),  become  more 
developed  than  in  the  lias.  They  are  accompanied  by  terebratulse, 
some  species  of  which,  as  Terebratula  coarctata  and  maxillata, 
(136-7)  are  characteristic  of  this  formation ;  others,  as  Terebratula 
digona  (138),  have  an  extensive  range  through  the  oolitic  series. 
Cephalopoda,  of  the  genera  enumerated  under  the  head  of  the  lias, 
are  also  abundant,  accompanied  by  an  increase  of  herbivorous  mol- 
luscs.    The  remains  of  fishes  and  Crustacea  are  also  met  with. 

Saurians. 

The  saurians  are  of  the  genera  ichthyosaurus,  plesiosaurus,  cro- 
codilus,  megalosaurus,  and  ptcrodactylus.    The  calcareous  and  sandy 
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Btrata  of  Stoneefield,  io  Oxfordshire,  are  celebrated  for  having  yielded 
the  only  remains  of  mammalia  which  have  yet  been  found  in  any  strata 
of  greater  antiquity  than  the  tertiary  deposits.  The  beds,  only  six 
feet  thick,  contain  a  mixture  of  marine  and  terrestrial  exuviee,  which 
proves  them  to  have  been  formed  at  the  bottom  of  a  sea  near  the 
shore.  Fragments  of  land  plants,  bones  of  didelphys,  megaloaaurna, 
and  pterodactyls,  with  remains  of  insects,  are  mingled  with  ammo- 
nites, belemnites,  nautili,  and  other  marine  shells. 

M^ahiaurus.  The  megalosatinis  was  a  gigantic  carnivorous 
reptile,  partaking  of  the  structure  of  the  crocodile  and  monitor,  and 
from  forty  to  fifty  feet  in  length,  as  appears 
from  the  proportions  of  the  numerous  bones  \ 
which  hare  been  discovered ;  though  the 
entire  skeleton  has  never  yet  been  met  with. 
The  hones  of  the  thigh  and  leg  are  not  solid 
in  the  centre,  as  in  crocodiles,  hut  are  fur- 
nished with  large  medullary  cavities,  like  the 
bones  of  terrestrial  animals.  The  form  of  the 
jaw  shows  that  the  head  was  terminated  by 
a  straight  and  narrow  snout.  The  teeth  prove 
it  to  have  been  carnivorous,  combining  a  me- 
chanism analogous  to  that  adopted  in  the 
structure  of  the  knife,  the  sabre,  and  the  saw 
(139).  These  remains  are  chieBy  found  in 
the  calcareous  slate  of  Stonesfield ;  but  as 
they  have  also  been  met  with  in  the  Wealden, 
the  megaloHaums  probably  existed  through  the 
whole  oolitic  epoch. 

Pterodactyl.  Pterodactyls,  which  accompany  these  remains  at 
Stonesfield,  have  also  been  found  in  the  lias  at  Lyme  Regis,  and  in 
the  lithographic  slate  of  Solenhofen  and  Aichstadt.  A  winged 
lizard  is  unknown  in  the  existing  creation,  but  the  pterodactyl  exhi- 
bits a  curious  adaptation  of  the  saurian  form  to  the  purposes  of  flight. 
Eight  species  have  been  found,  varying  from  the  size  of  a  snipe  to 
that  of  a  cormorant.  The  external  form  approached  that  of  the 
bat ;  the  fore-arm  being  elongated,  to  support  a  membraneous  wing, 
from  which  projected  fingers,  terminated  by  long  hooks,  like  the- 
curved  claw  on  Uie  thumb  of  that  winged  mammalian  (140).  It  had 
the  small  skull  observable  in  reptiles,  joined  to  a  neck  resembling  that 
of  a  bird,  and  terminating  in  a  beak  armed  with  at  least  sixty  sharp 
teeth.  This  length  of  neck  was  produced,  not  by  numerous  cervical 
vertebree,  but  by  the  elongation  of  a  few,  not  exceeding  six  or  seven 
in  number,  whereas,  in  birds,  they  vary  from  nine  to  twenty-three. 
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The  back,  again,  was  much  longer  than  in  birda,  in  which  the  dorsal 
Tortobne  varj  between  seven  and  eleven ;  whereas,  in  pterodactyls, 
they  are  about  twenty.  The  ribs,  moreover,  thread-shaped  and 
round  instead  of  flat,  and  the  metatarsal  bones  of  the  foot  distinct, 
instead  of  being  consolidated  into  one,  with  other  peculiarities  of 
structure,  which  cannot  be  enumerated  in  this  brief  sketch,  to  say 
nothing  of  the  teeth,  proclaim  it  of  tl>e  lizard  hmily,  and  preclude 
the  possibility  of  its  being  a  bat  or  a  bird.     The  structure  of  the 


toes  renders  it  improbable  that  it  suspended  itself  after  the  d 
of  bats;  and  the  size  and  form  of  the  foot  and  1^  show  that  it  bftd 
the  power  of  standing  firmly  on  the  ground.  The  smaller  species, 
as  suggested  by  Cuvier,  may  have  fed  on  the  large  iibellnlte,  «td 
coleopterous  insects,  whicli  accompany  these  fossil  remains  in  die 
quarries  of  StonesReld  and  Solenhofen ;  but  the  larger  kinds  must 
have  required  a  diflerent  prey,  and  probably  fed  on  fishes  which  they 
caught  by  darting  down  on  the  water  like  some  sea-fowl,  or  on 
the  small  marsupialia,  which  were  joint  inhabitants  with  them  of 
the  islands  of  the  oolitic  ocean. 

Marsupialia. 
Ofthese,  only  three  jaws  havebeenfound,  belonging  to  two  spedee 
about  the  size  of  a  mole.     By  the  double  roots  of  die  teeth,  they 
are  shown  to  have  belonged  to  the  class  mammalia,  and  the  form  of 
the  crowns  identifies  them  with  the  order  marsupialia*. 

•  Bvcilakd'b  Bridjfnealer  TreatUe,  vol.  i„  p.  73, 121,  221,  2S6. 
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Middle,  or  Coralline  Oolite. 

Subdivisions. 

Upper  calcareous  grit. 
Coral  rag  and  oolite. 
^  Lower  calcareous  grit. 

Lower  group,  or  Oxford  clay.JKelkwai^^rock. 

Oxford  Clay.  A  strong,  argillaceous  deposit,  of  great  thickness, 
generally  of  a  dark-blue  colour,  but  becoming  brown  by  exposure  on 
the  surface,  and  containing  septaria,  and  concretions  of  argillaceous 
limestone,  divided  by  veins  of  calcareous  spar.  Near  the  bottom  of 
this  clay  is  a  bed  of  calcareous  sandstone,  abounding  in  fossils,  and 
usually  known  by  the  name  of  the  Kelloways  rock.  Below  this,  is 
another  bed  of  clay.  The  argillaceous  strata  are  sometimes  mixed 
with  bituminous  matter,  affording  an  inflammable  shale,  or  imperfect 
coal. 

Coral  Rag.  This  deposit  consists  of  two  beds  of  calcareous  sand, 
separated  by  a  bed  of  limestone.  The  lowest  arenaceous  bed,  which 
rests  immediately  on  the  Oxford  clay,  is  a  yellow,  quartzose  sand, 
containing  about  30  per  cent,  of  calcareous  matter.  The  lime- 
stone is  a  loose  rubbly  stone,  sometimes  almost  wholly  composed  of 
corals,  which  occur  indifferently  in  the  top,  bottom,  or  middle  of  the 
bed.  The  upper  arenaceous  deposit  is  a  calcareous  freestone,  of  a 
close  texture,  full  of  comminuted  shells,  and  frequently  indistinctly 
oolitic,  but  occasionally  passing  into  beds  in  which  the  globular  con- 
cretions are  much  larger  than  in  the  other  oolites.  These  varieties 
have  obtained  the  name  of  Pisolite.  Oblique  lamination  is  by  no 
means  uncommon. 

Geographical  Extent.  In  Yorkshire,  this  formation  composes  a 
series  of  tabular  hills,  extending  westward,  from  the  coast  between 
Filey  and  Scarborough,  to  Hambleton;  the  calcareous  grits  and 
coralline  oolite  forming  their  summits,  and  a  gray,  argillaceous 
earth,  with  a  ferruginous  or  argillaceous  sandstone,  which  contain, 
respectively,  the  fossils  of  the  Oxford  clay  and  the  Kelloways  rock, 
appearing  on  their  northern  slopes. 

From  Hambleton,  the  inferior  boundary  of  the  formation  turns 
south-east,  and  passes  under  the  chalk  wolds  at  Acklam.  The 
argillaceous  portion  reappears  on  the  banks  of  the  Humber,  (the 
calcareous  part  of  the  formation  being  absent,)  ranges  through  the 
counties  of  Lincoln,  Bedford,  and  Buckingham,  following  the  eastern 
boundary  of  the  lower  oolite  formation  to  Ottmoor,  near  Oxford. 


306  OOLITIC    SYSTRM. 

Here  the  coralline  oolite  again  appears,  and  accompanies  the  Oxford 
clay  westward  to  Cricklade,  and  thence  southward,  by  Malmesbury, 
Calne,  Melksham,  Wincanton,  and  Sturminster,  to  near  Beaminster, 
where  it  is  covered  by  the  chalk,  but  emerges  from  beneath  it  on  the 
coast,  near  Melcombe  Regis. 

Oroanic  Remains. 

Many  of  the  fossils  of  this  formation  are  common  to  this  and 
the  inferior  oolite.  The  following  are  considered  characteristic: — 
Ammonites  calloviensis  (141),  Kelloways  rock;  Gryphsea  dilatata 
(142),  Oxford  clay ;  Ammonites  vertebralis,  Plagiostoma  rigidum 
(143),  Clypeus  dimidiatus,  Cidaris  florigemma,  Astrsea  tubulifera,  and 
Caryophylla  annulata,  coral  rag.  Echinida  (144 — 146),  particu- 
larly the  genus  cidaris,  are  abundant  in  this  formation,  and  are  also 
found  in  the  coralline  limestones  of  other  parts  of  the  oolitic  system. 
The  neighbourhood  of  Weymouth  and  Calne,  in  the  south  of 
England,  and  of  Scarborough,  in  the  north,  afford  the  best  types  of 
the  formation. 

Upper,  or  Portland  Oolite. 

StAdimstons. 

1.  Portland  oolite. 

2.  Kimmeridge  clay. 

Kimmeridge  Clay.  A  blue,  lead-coloured,  or  bluish-yellow  clay, 
containing  crystals  of  selenite,  and  occasionally  bituminous  shale, 
sufficiently  inflammable  to  be  used  as  fuel,  and  thence  called  Kim- 
meridge coal.  This  subdivision  is  best  exposed  in  the  clifis  at  Kim- 
meridge, and  in  the  Isle  of  Portland. 

Portland  Oolite.  A  limestone  of  variable  character,  and  locally 
oolitic,  quarried  extensively  in  the  isles  of  Purbeck  and  Portland, 
which  have  supplied  most  of  the  building  stone  used  in  the  neigh- 
bourhood of  London. 

Range. 

This  formation,  in  its  range  through  England,  is  less  continuous 
than  the  other  oolites.  The  Kimmeridge  clay  fills  the  vale  of 
Pickering,  in  Yorkshire,  from  Filey  Bay  to  Helmesley.  From  the 
south  bank  of  the  Humber  to  Spilsby,  it  is  seen  as  a  narrow  band, 
cropping  out  from  beneath  the  greensand  and  chalk  of  Lincolnshire, 
is  concealed  for  a  time  by  the  alluvial  deposits  of  the  fens,  but  it  re- 
appears on  the  western  side  of  Norfolk,  a  little  north  of  Castle 
Rising.  The  course  of  the  Ouze,  from  Lynn  to  near  St.  Ives,  is 
almost  wholly  in  this  formation,  which  ranges  in  a  narrow  band 
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through  part  of  Huntingdonshire  and  Bedfordshire,  and  expands  in ' 
Buokinghamdiire,  where  the  Kimmeridge  clay  and  Portland  oolite 
spread  over  the  vale  of  Aylesbury,  The  Kimmeridge  clay  is  seen 
in  Shotover  Hill,  Cumnor  Hurst,  and  Farringdom  Clump,  capped  by 
the  oolite,  and  by  sands  of  the  cretaceous  system.  It  ranges  by 
'Swindon,  Wotton  Basset,  Westbury,  and  Sturminater,  parallel  to 
the  coral  rag  formation,  and  passing  under  the  chalk,  emerges  again 
near  Weymouth,  and  in  the  isles  of  Portland  and  Purbeck. 

Characteristic  Fossils. 
The  fossils  of  this  formation  have  a  general  analogy  to  those  of 
the  other  oolites.  Ostrea  deltoidea  (147),  and  Oryphiea  virgula 
(148),  are  characteristic  of  the  Kimmeridge  clay.  Cardium  disr 
simile,  Astarte  cuneata,  Trigonis  gibboaa  (149),  and  Peoten 
lamellosuB  (160),  of  the  limestone. 


Submerff»d  Forest  of  the  Dirt  bed.  But  the  most  important 
organic  remains  of  this  pu't  of  the  series,  because  they  prove  gradual 
elevations  and  depressions  of  the  bed  of  the  sea,  convertiuf;  it  into 
dry  land,  and  again  submerging  it,  are  the  stumps  of  trees  and  other 
plants  still  rooted  on  the  place  of  their  growth,  on  the  surface  of  the 
Portland  oolite,  itself  a  marine  formation  covered  by  the  estuary 
deposit  of  the  wealden,  on  which  again  are  imposed  the  oceanic  beds 
of  the  chalk. 

These  trees  and  plants  occur  in  a  layer  of  black  carbonaceous 
matter,  from  twelve  to  eighteen  inches  thick,  interspersed  with 
rounded  pebbles,  and  known  to  the  workmen  by  the  name  of  the 
dirt  bed.  It  bears  evident  marks  of  having  been  an  ancient  vege- 
table soil,  and  contains  prostrate  trunks  of  coniferous  trees,  from 
twenty  to  thirty  feet  long,  and  branching  at  the  height  of  seventeen 
or  twenty  feet ;  there  are  also  stumps  standing  erect,  for  a  height  of 
from  one  to  three,  and  va  some  instances  six  feet,  and  rooted  in  their 
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native  soil.  They  are  accompanied  by  remains  of  cycadesD  of  the 
genera  cyoas  and  zamia,  likewise  in  the  attitude  of  growth.  These 
are  a  family  holding  an  intermediate  position  between  conifer®, 
palms,  and  ferns.  The  existing  species  are  all  inhabitants  of  the 
equinoctial  parts  of  America  and  Asia,  the  Cape  of  Good  Hope,  and 
Australia.  None  of  them  are  found  in  Europe.  The  stumps  are 
covered  by  thin  layers  of  a  freshwater  calcareous  slate,  the  strata  of 
which,  horizontal  elsewhere,  form  hemispherical  concretions  round 
the  top  of  the  stumps. 

151 


Purbeck  beds. 


Freshwater  calGareous 
slate. 

Dirt  bed. 


Portland  oolite. 


Proofs  of  repeated  Oscillations  of  the  Sur/kce. 

tn  these  phenomena  we  have  the  most  decided  evidence  of  the 
suifihoe  of  the  Ide  of  Portland  having  been  converted  into  dry  land, 
and  having  remained  in  that  state  at  least  sufficiently  long  for  large 
coniferous  trees  to  attain  their  full  growth,  and  for  the  accumulation 
of  vegetable  soil  more  than  a  foot  thick ;  and  it  is  impossible  to 
explain  the  intercalation  of  this  terrestrial  accumulation  between 
two  marine  deposits  on  any  other  supposition  than  that  of  the  sub- 
mergence of  the  land.  The  very  existence  of  the  dirt  bed  in  such  a 
situation  proves  the  submergence  to  have  been  gradual,  and  in  still 
water,  for  such  an  accumulation  of  loose  and  light  vegetable  mould 
could  not  have  been  exposed  to  violent  currents  and  the  action  of 
the  breakers  without  being  swept  away.  There  is,  moreover,  no 
trace  whatever  of  sudden  and  violent  disturbance — ^no  want  of  con- 
formity between  the  Portland  oolite  and  the  dirt  bed.  In  Lulworth 
Cove,  where  the  dirt  bed  and  its  imbedded  stumps  are  inclined  to 
the  horizon,  at  an  angle  of  45^,  the  wealden  formation,  the  green- 
sand,  and  the  chalk,  are  still  conformable  with  it,  and  they  all 
appear  to  have  been  raised  at  the  same  time  by  a  subsequent  con- 
vulsive movement,  which  produced  the  anticlinal  axis  of  the  Wey- 
mouth district,  and  the  elevated  strata  of  the  Isle  of  Wight.  We 
have  thus  proofs  of  movements  of  elevation  of  two  distinct  kinds : 
the  one  tranquil,  gradual,  and  capable  of  elevating  marine  deposits 
without  disturbing  their  horizontality,  like  that  which  is  now  in 
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progress  in  Sweden,  and  which,  according  to  Mr.  Darwin,  is  taking 
place  in  the  Pacific  Ocean ;  the  other  sudden  and  violent,  like  those 
disturbances  which  have  fractured,  upheaved,  and  thrown  into 
inclined  and  even  vertical  positions,  the  strata  of  the  slate  rocks, 
and  of  the  carboniferous  systems. 

Proofs  of  Lapse  of  Time. 

The  superincumbent  freshwater  beds  of  the  wealden  not  only 
afford  additional  proofs  of  the  tranquil  and  gradual  submergence  of 
the  dirt  bed,  but  prove  a  long  interval  of  time  to  have  elapsed  while 
the  process  was  taking  ]dace,  and  from  the  occurrence  of  more  than 
one  dirt  bed,  (for  two  others  have  been  discovered  in  the  Portland 
oolite,  at  different  levels,  one  of  them  containing  cycadese  still 
rooted,)  it  appears  that  several  oscillations  of  the  land  and  sea  took 
place  before  the  final  submergence  of  the  Portland  oolite  beneath 
the  fluviatile  waters  of  the  wealden  and  the  oceanic  deposit  of  the 
chalk.  Of  the  extent  of  the  land  on  which  the  cycadese  and  coni- 
fer® of  the  Ide  of  Portland  grew,  we  have  no  means  of  judging 
beyond  this,  that  traces  of  the  dirt  bed  have  been  found  by  Dr. 
Buckland  near  Thame,  and  by  Dr.  Fitton  in  the  Boulonnois. 

Wealden  Formation. 

After  the  incidental  mention  which  has  so  often  been  made  of 
this  formation,  it  is  almost  superfluous  to  repeat  that  it  is  a  local 
freshwater,  or  rather  estuary,  deposit,  not  accompanying  the  other 
oolitic  rocks  in  that  broad  band  which  ranges  diagonally  across  the 
island,  but  exposed  by  a  disruption  and  denudation  of  the  chalk  in 
the  counties  of  Kent  and  Sussex,  where  it  constitutes  a  district  of 
clay  and  sand,  known  as  the  Weald  of  Kent  and  Sussex,  and  the 
forest  tracts  of  Tilgate  and  St.  Leonard.  We  are  indebted  to  Dr. 
Fitton  for  a  knowledge  of  the  existence  of  this  freshwater  deposit, 
which  before  his  researches  had  been  confounded  with  the  iron  or 
Shanklin  sand,  belonging  to  the  lower  part  of  the  cretaceous  series. 

Stibdivisiotis. 

The  following  are  the  subdivisions  established  in  the  wealden 
group,  commencing  with  the  uppermost: — 

1.  Weald  clay. 

2.  Hastings  sands,  including  the  Tilgate  beds. 

3.  Purbeck  or  Ashbumham  limestone  and  clay. 

Purbeck  or  Ashbumham  Beds,  These  are  a  series  of  limestones 
and  shales,  alternating  with  blue  clay  and  marl,  containing  fresh- 
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water  didk,  in  tlie  Isle  of  PorbedE  and  on  the  coast  of  Doiuctiihire, 
and  resting  on  the  Portland  oolite. 

They  are  there  eovered  immediately  by  dialk,  the  soperior 
members  of  the  wealden  being  wantii^.  At  Ashbomham,  in 
Sossex,  a  similar  series  of  limestones  and  days,  with  subordinate 
beds  of  grit,  ironstone,  and  tarndstone,  haTe  been  found  to  constitute 
the  base  of  the  wealden  formation. 

HatHm^  Samds,  The  Hastings  sands,  including  the  Tilgate 
beds,  rendered  so  cdebrated  by  the  loological  researches  of  Dr. 
Mantell^,  eraisist  of  irr^nlar  alternations  of  sand  and  sandstone, 
sometimes  calcareous,  of  a  gray,  ydlowish,  or  ferruginous  colour, 
with  occasional  concretions  of  ironstone  and  layers  of  lignite.  The 
sandstones  sometimes  aasnme  a  con^omerate  form,  and  contain 
pebbles  of  jasper  and  quarts.  These  rocks  constitute  the  forest 
ridge,  or  anticlinal  axis,  of  the  weald  denudation,  and  extend  along 
the  coast  from  near  Bexhill,  in  Sussex,  to  Ham  Street,  near  Aiding- 
tcMi,  in  Kent,  in  a  range  of  clifEb  GOO  feet  hi^  the  strata  dij^ing 
in  opposite  directions  from  Winchelsea  as  a  centre.  This  group 
is  exposed  inland  as  far  as  Loxwood,  in  Sussex,  its  greatest  breadth 
being  at  Crowborou^  Beacon,  near  Tonbridge  Wells,  which  ia 
800  feet  above  the  level  of  the  sea. 

The  Wealden  Clay.  A  tenacious  blue  clay,  with  subordinate 
beds  of  sandstone  and  shelly  limestone,  and  layers  of  argillaceous 
ironstone.  It  forms  an  undulating  valley,  frora  five  to  seven  miles 
broad,  which  encircles  the  central  forest  ridge  above  described,  and 
separates  it  from  the  escarpments  of  the  cretaceous  series,  consti- 
tuting the  North  and  South  Downs.  This  valley,  covered  with 
natural  woods,  and  affording  a  cold  retentive  soil,  better  adapted  to 
the  growth  of  timber  than  to  cultivation,  is  called  the  Weald  or 
Wild  of  Kent  and  Sussex.  It  extends  from  Pevensey,  on  the  Sussex 
coast,  to  Harting  Combe,  near  Petworth,  on  the  west,  and  thence 
returns,  by  Tonbridge  and  Aldington,  to  the  coast  of  Kent,  between 
Hythe  and  Rye. 

The  calcareous  beds  occur  in  layers,  varying  in  thickness  from  a 
few  inches  to  more  than  a  foot ;  they  are  of  various  shades  of  bluish 
gray,  mottled  with  green  and  ochraceous  yellow,  containing  fresh- 
water shells  in  great  abundance,  imbedded  in  a  compact  calcareous 
base,  capable  of  taking  a  slight  polish,  and  elegantly  marked  on  a 
polished  surface  with  sections  of  shells.  Though  fallen  into  disuse 
this  limestone  was  much  employed  in  our  cathedrals,  and  other  ancient 
edifices,  under  the  name  of  Petworth  marble.  It  bears  a  considerable 
resemblance  to  the  Purbeck  beds,  also  used  for  the  same  purposes. 

*  Geology  of  the  Souih-East  qf  England. 
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The  Petworth  marble  is  coareer  grained,  and  was  employed  for  altar 
tombs  and  slabs  of  large  dimensions.  The  shells  contained  in 
it  consist  almost  exclusively  of  j^ 

a  large  species  of  paludina,  or  ^ 

vivipara.    In  the  Purbectc  mar-  ^tk. 

ble,  which  is  usually  seen  in 
the  taper  shafts  of  clustered 
columns,  and  other  works  re- 
quiring a  fine  grain,  the  shells 
belong  to  a  smaller  species  of  \ 
paludina.  The  Asbumham  beds 
are  further  distinguished  by  con- 
taining sections  of  freshwater  Viripui  pdaOiiu. 
bivalves  of  the  genus  cyclas. 

The  wealden  clay  and  the  Hastinga  sands  occur  likewise  in  the 
Isle  of  Wight,  where  fine  sections  of  them,  covered  by  the  lower 
greonsand  of  the  cretaceous  system,  are  exhibited  in  the  cliSs. 

Obgamc  Rbhainb. 
The  organic  remains  of  the  wealden  formation  consist  of  the 
bones  and  scales  of  fishes,  bones  of  saurians,  and  cbelonian  reptiles, 
fragments  of  land  placts,  the  shelly  covering  of  cypris  faba,  a  small 
freshwater  crustacean,  several  species  of  paludina,  cyclas,  unio,  and 
melanopsia,  all  freshwater  genera,  occasionally  in  great  abundance, 
mixed  with  a  few  sheila  of  ostrea,  cardium,  pinna,  and  venus,  genera 
inhabiting  estuaries.  The  fishes  belong  to  genera  (pycnodns,  hypo- 
dotus,  and  lepidotus)  which  are  common  to  the  whole  oolitic  group. 
Most  of  the  species  of  hypodotus  are  sapposed,  from  their  structure, 
to  have  frequented  coasts  and  the  mouths  of  rivers. 

The  fossils  of  the  different  subdivisions  partake  of  a  general  cha- 
racter, subject  to  some  local  distinctions.  The  remains  of  reptiles 
are  most  abundant  in  the  Hastings  sands ;  shells  of  paludina,  in  the 
calcareous  group.  The  minor  differences  distinguishing  the  upper 
limestones  of  the  wealden  from  the  lower  or  Purbeck  and  Asbbnm- 
ham  beds,  have  already  been  described. 
PlanU. 

The  vegetable  remains  consist  of  ferns  of  the  genera  sphenopteris 
and  lonchopteris,  and  of  equisetce,  which  appear  to  have  been  three 
or  four  feet  high.  These  last  are  only  met  with  locally,  but  where 
they  occur  they  are  very  abundant.  Mr.  Mantell  mentions  several 
instances  both  of  fema  and  equisette  in  an  upright  position,  as  if 
gently  covered  with  sand  while  growing. 

ClatAraria.     Besides  these  are  found  petrified  fragments  of  large 
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pbuiU,  to  which  the  wunes  of  djidinrim  and  eDdogatites  have  been 
giren.  The  fbnner  ie  careni  extenuJIj  with  rfaomboidml  emkm, 
to  which  the  lemree  appeer  to  hmre  been  atleched.  It  is  oonaidered 
bj  botanists  as  afibrding  analogies  to  the  existing  genera  CTcas, 
samia,  jneea,  and  dracaena.  Some  seed  ▼nssrilu,  known  by  the 
name  of  qsrpolttes,  aie  smuwetid  to  hare  been  its  finit. 

Emdogemitm.  The  oidy  oihar  huge  vegetable  met  with  in  this 
farmation  is  Endj^igwites  eroea.  It  is  generallj  somewfamt  flattened, 
attemnted  at  the  base,  and  swelling  oat  at  interrals  like  some  erf* 
the  eaeti  and  enphoibiie.  These  stems  oeeor  in  the  state  6[  aand- 
stone,  the  extenial  sotCm^  of  which  is  eorevad  with  a  dark  carbon- 
aceoos  matter,  and  is  seored  with  small  meandering  grooTes  and 
deep  loDgitndinal  fonows.  The  internal  structure,  as  exhibited  in 
a  transrerse  section,  proves  it  to  have  bdonged  to  the  class  of  mono- 
cotyledons. M.  A.  Brongniart  refers  it  to  the  class  oS  arboreacent 
ferns  with  short  stems. 

The  remains  of  chelonian  reptiles  are  confined  to  bones  belong- 
ing chiefly  to  the  freshwater  genera  emys  and  trionyx,  with  a  few 
referrible  to  true  chelonians  or  turtles.  The  saurians  are  of  the 
genera  plesiosaurus,  crocodilus,  m^alosaurus,  iguanodon,  and  hybeo- 
saurus. 

Iguanodon.     Of  these  the  most  extraordinary  was  the  iguanodon, 
both  from  its  colossal  proportions  and  its  habits,  as  indicated  by 
the  structure  of  its  teeth,  which  bore  a  considerable  analogy  to  those 
of  the  iguana,  a  small  herbivorous  lizard,  which  inhabits  the  West 
Indies,  and  other  parts  of  tropical  America.     The  teeth  of  the 
iguanodon,  different  from  those  of  the  iguana  in  several  striking 
peculiarities,  one  of  the  most  important  of  which  is  the  difference  in 
the  form  of  young  and  adult  specimens,  showing  that  the  iguanodon 
masticated  its  food  like  herbivorous  mammalia.     The  young  teeth 
are  lancet-shaped,  with   serrated   edges,   resembling  those  of  the 
iguana  (153).     In  more  advanced  stages  of  growth  (154),  the  point 
is  found  worn  away  and  the  crown  ground  down  flat,  exhibiting  an 
appearance  so  unlike  that  of  any  fossil  or  recent  saurian  teeth,  that 
when  first  shown  to  Guvier  he  mistook  them   for  those  of  an 
enormous  hippopotamus.     In  the  iguana,  which  nips  or  crops  the 
vegetable  on  which  it  feeds,  and  swallows  them  without  masti- 
cation, the  teeth,  when  worn  down,  appear  chipped  and  broken, 
not  ground  down  in  this  manner. 

The  length  of  the  teeth  of  the  iguanodon  is  about  three  inches, 
or  twenty  times  longer  than  those  of  the  iguana.     Enormous  bones, 


not  belonging  to  tlie  megalosaants,  accompany  these  teeth,  and  are 
rererred,  irith  great  probability,  to  the  aame  animal ;  among  otheia, 
the  fragment  of  a  thigh  bone,  having  a  medullary  cavity,  as  in  the 


Young  leelfa  of  Igiianodon. 


Adult  ta 

terrestrial  mammalia,  and  thirty-two  inohee  in  ciroumference  in  its 
smallest  part.  Its  length,  when  entire,  must  hare  been  between 
four  and  live  feet,  exceeding  in  size  that  of  the  largest  elephant. 
This  femur  bears  the  same  proportion  to  the  fossil  t«eth  accompany- 
ing it  that  the  corresponding  bone  in  the  living  iguana  bears  to  the 
teeth  of  that  animal.  Associated  with  these  bones  there  has  been 
found  a  curious  appendage,  which  appears  to  have  been  a  nasal  bom, 
equal  in  size  and  similar  in  form  to  the  smaller  horn  of  the  rhino- 
oeroB.  We  have  here  another  analogy  to  the  structure  of  the 
iguana,  some  species  of  which  are  furnished  with  a  homy  or  bony 
protuberance  on  the  head.  The  form  of  the  bones  of  the  feet  and 
the  large  medullary  cavities  of  the  thigh  bone,  show  that,  like  the 
megalosaunis,  the  iguanodoD  was  adapted  for  motion  on  the  land. 
The  claw  bone,  which  appears  to  have  been  protected  by  a  nail, 
differed  only  in  size  from  that  of  the  iguana. 

From  a  comparison  of  the  dimensions  of  corresponding  bones  in 
an  iguana  five  feet  long,  and  in  the  iguanodon,  Mr.  Mantell  has 
inferred  Uie  following  astonishing  proportions  for  the  entire  carcase 
of  the  latter: — 

Length  from  the  anoul  to  the  tip  of  Uie  t«il       -        -        -  70  0 

Length  of  head 4  6 

Length  of  bodj 13  0 

Length  of  tail 52  G 

Hei^t  from  tho  gnnmd  to  tha  ta|i  of  the  head          -        -  u  D 
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Feet.    Inches, 

Circumference  of  body 14        6 

Length  of  thigb  and  leg 82 

Circnmference  of  thigh -  T        6 

Length  of  the  hind  foot  from  the  heel  to  the  point  of  the 

long  toe  ---.----  66 

Length  of  daw  bone    - 04 

Horn 04 

Though  the  remains  of  this  enormous  reptile  were,  till  lately, 
found  exclusively  in  the  deposits  of  the  wealden,  it  appears  that  its 
duration  was  not  limited  to  that  epoch,  for  a  large  portion  of  a 
skeleton  confirming,  in  most  points,  the  inferences  drawn  by  Mr. 
Mantell,  from  the  examination  of  numerous  insulated  bones,  has 
recently  been  found  in  the  Kentish  rag,  a  marine  limestone  of  the 
lower  part  of  the  cretaceous  series.  This  carcase  was  probably 
floated  out  to  sea,  as  the  bones  found  in  the  wealden  were  drifted  by 
rivers  into  an  estuary. 

HylcBOsaums.  The  hylseosaurus  was  of  a  less  gigantic  size, 
probably  not  exceeding  twenty-five  feet  in  length.  Its  most 
remarkable  peculiarity  consists  in  a  series  of  bones  which  appear 
to  have  formed  a  fringe  along  the  back,  like  the  spines  on  the  back 
of  some  of  the  modem  iguanas.  They  are  accompanied  by  large 
dermal  plates,  which  probably  had  scales  attached  to  them,  and 
were  lodged  in  the  skin. 

A  considerable  part  of  the  skeleton  of  this  animal  was  found 
with  bones,  either  united  or  slightly  dislocated,  but  maintaining  a 
situation  bearing  some  relation  to  the  place  they  must  have 
occupied  in  the  living  animal ;  and  the  position  in  which  they  occur 
is  such  as  to  show  that  the  carcase  must  have  floated  from  a 
distance  in  a  partial  state  of  decomposition,  (the  bones  being  dislo- 
cated, but  held  together  by  the  muscles  and  tendons,)  until  it  sank, 
and  became  enveloped  in  mud,  forming  a  nucleus,  around  which 
collected  the  leaves  of  plants  and  the  freshwater  shells,  inclosed  in 
the  block  of  stone  in  which  it  was  found.  Mr.  MantelPs  celebrated 
collection   of  these  wealden   fossils  is   now  lodged  in  the  British 

Museum. 

Birds. 

The  wealden  was,  till  lately,  supposed  to  afford  the  earliest 
traces  of  the  remains  of  birds,  with  the  exception  of  those  footmarks 
impressed  on  rocks  in  America,  which  are  referred  to  the  poikilitic 
era ;  but  Lord  Enniskillen  has  lately  procured  from  the  chalk  a  bone 
which  Mr.  Owen  considers  to  have  belonged  to  some  long-winged 
natatorial  bird  allied  to  the  albatross.  In  the  wealden,  Mr.  Mantell 
has  established  the  existence  of  several  bones  of  grallatores  or  waders. 
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The  Weald  a  Delta  deposit 

The  strata  of  the  wealden,  after  passing  beneath  the  chalk  of  the 
western  extremity  of  the  denudation  of  the  weald,  reappear  in  the 
vale  of  Wardour,  in  Wiltshire,  in  a  small  patch,  where  they  have 
the  same  relative  position  to  the  cretaceous  rocks  as  in  Sussex,  the 
Isle  of  Wight,  and  the  Isle  of  Purbeck.  They  are  found  also  on 
the  coast  of  France,  near  Boulogne,  and  at  Beauvais,  between 
Boulogne  and  Paris,  in  a  denudation  of  the  chalk  like  that  of 
Sussex. 

From  the  group  of  fossils  above  enumerated,  from  the  abundance 
of  terrestrial  exuviae,  the  scarcity  of  marine  remains,  and  the  total 
absence  of  ammonites,  belemnites,  trigonise,  and  other  oceanic 
genera  of  the  oolitic  formation,  there  can  be  no  doubt  that  the 
wealden  deposits  were  formed  in  the  delta  of  some  river  flowing 
through  a  country  diversified  with  a  variety  of  soils,  and  lying  under 
a  warm  climate.  The  extent  of  that  delta,  200  miles  from  east  to 
west,  or  from  Boulogne  to  Lulworth  Cove,  and  220  miles  from 
south-east  to  north-west,  or  from  Beauvais  to  Whitchurch,  in 
Buckinghamshire,  forming  an  area  rather  larger  than  that  of  the 
delta  of  the  Ganges,  or  Mississippi,  but  smaller  than  that  of  the 
Niger,  proves  that  the  river  constituted  the  drainage  of  some  exten- 
sive tract  of  land;  and  this  same  conclusion  may  be  drawn  from  the 
dislocated,  broken,  and  rolled  condition  of  the  bones  of  the  great 
saurian  inhabitants  of  the  land,  since  it  shows  that  they  must  have 
been  drifted  a  considerable  distance. 

Absence  of  Mammalian  Remains. 

The  total  absence  of  mammalian  remains  from  such  a  deposit, 
though  a  negative  fact,  is  of  considerable  importance,  since  it  proves 
that  they  could  not  have  been  abundant  at  this  epoch.  The  exist- 
ence of  marsupialia  during  an  earlier  part  of  the  oolitic  era,  is 
established  by  the  specimens  found  at  Stonesfleld,  and  is  rendered 
probable  at  an  era  still  more  ancient  by  the  footsteps  impressed  on 
the  poikilitic  sandstones  of  Cheshire  and  Saxony ;  but  had  mamma- 
lian animals,  during  the  deposition  of  the  wealden,  borne  the  same 
proportion  to  saurians  that  prevails  in  existing  tropical  climates, 
some  traces  of  their  remains  must  ere  this  have  been  met  with, 
since  there  is  no  reason  why  the  skeleton  of  a  terrestrial  reptile,  like 
the  iguanodon,  should  be  more  likely  to  be  discovered  or  preserved 
in  the  strata  of  a  large  delta,  than  those  of  mammalia  analogous  to 
the  hippopotamus  or  tapir. 
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Oolitic  Coal  Field  of  Northern  Germany. 

The  land  fron^  which  the  wealden  strata  were  derived,  most 
have  been  drained  by  other  rivers  flowing  into  other  seas,  and  if  we 
could  discover  more  of  these  delta  deposits,  we  might  be  able  to 
point  out  the  position,  and  obtain  a  proximate  knowledge  of  the 
boundaries  of  that  ancient  land;  but  most  of  them  are  probably 
submerged  beneath  the  present  ocean,  or  covered  by  the  cretaceous 
rocks,  and  had  the  anticlinal  axis  of  the  weald  of  Kent,  in  its  range 
from  east  to  west,  passed  but  fifty  miles,  or  even  less,  to  the  north 
of  its  actual  line,  we  might  have  known  little  or  nothing  of  the 
existence  of  one  such  delta,  and  of  all  the  wonders  which  it  has 
disclosed.  One  other  similar  deposit,  however,  has  been  recently 
found  in  the  north  of  Germany,  where  M.  Roemer  has  ascertained 
that  the  weald  clay  and  the  Hastings  sands,  the  latter  generally 
less  ferruginous  than  in  England,  are  accompanied  by  nearly  all 
the  fossils  described  by  Dr.  Fitton,  in  his  memoir  on  the  English 
rocks  of  this  era.  The  shells  are  all  fluviatile,  with  the  exception 
of  an  astarte.  According  to  this  author,  the  wealden  formation  is 
exhibited  near  Helmsted,  and  extends  westward  from  Hanover,  by 
Minden,  to  Iburg  and  Rheine,  near  Munster  in  Westphalia,  fur- 
nishing everywhere  a  very  good  coal,  and  thus  affording  another 
exceptional  case  of  an  oolitic  coal  field.  The  seams,  from  seven  to 
ten  in  number,  vary  from  one  to  three  feet  in  thickness,  and  are 
separated  by  sandstone,  which  is  sometimes  only  a  few  feet  thick*. 

This  discovery,  coupled  with  the  fact  of  the  increase  of  vege- 
table matter,  in  the  carboniferous  and  oolitic  systems  of  England, 
as  we  trace  them  towards  the  north,  and  with  the  occurrence  of 
coal  in  the  Isle  of  Bomholm,  associated  with  rocks  of  all  ages, 
from  the  true  coal  measures  to  the  cretaceous  system,  points  to  the 
arctic  regions  of  Europe  for  the  situation  of  Uie  land,  which  sup- 
ported the  tropical  vegetation  both  of  the  coal  measures  and  the 
wealden. 

If,  from  the  rapid  thinning  off  of  the  wealden  deposits,  in  the 
direction  in  which  traces  of  the  dirt  bed  occur,  we  suppose  its 
detrital  matter  and  organic  remains  to  have  been  derived  from  that 
quarter,  we  are  met  by  the  fact,  that  the  vegetable  remains  of  the 
two  formations,  though  agreeing  in  possessing  a  general  tropical 
aspect,  yet  constitute  two  totally  distinct  groups. 

Contemporaneotts  Marine  Bed4. 

Contemporaneous  with  local  deposits  at  the  mouths  of  rivers,  there 
must  have  been  marine  strata  formed  at  a  distance  from  the  land, 

*  Proceeding*  ^  the  Geological  Society ,  vol.  iii.,  p.  324. 
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and  traces  of  such  strata,  apparently  intermediate  both  by  position 
and  fossils  between  the  cretaceous  and  oolitic  systems,  have  been 
found  in  the  deposits  containing  pisiform  iron  ore,  which  occur  in 
the  department  of  Haute  Soane,  near  Candem  in  the  Brisgau,  in 
parts  of  the  Jura,  and  in  Poland.  There  is,  however,  considerable 
difficulty  in  identifying  them  with  the  wealden,  from  the  organic 
remains  being  exclusively  those  of  the  sea  in  the  one  case,  and  in 
the  other,  exclusively  those  of  fresh  or  brackish  water. 

Geographical  Distribution  of  the  Oolitic  System. 

The  preceding  description  of  the  oolitic  rocks  has  been  princi- 
pally confined  to  the  English  series,  as  affording  the  most  complete 
type  of  the  system.  There  are  but  slight  traces  of  them  in  other 
parts  of  the  British  Islands.  On  the  eastern  side  of  Scotland,  they 
are  confined  to  the  coast  between  the  Ord  of  Caithness  and  Dun- 
robin  Castle,  including  the  carbonaceous  deposits  of  Brora  already 
described,  and  some  insulated  patches  on  the  shores  of  the  Murray 
Frith.  On  the  western  side,  they  are  found  on  the  coast  of  the 
mainland  at  Applecross,  and  skirting  the  sound  of  Mull.  They 
border  the  islands  of  Sky  and  Mull  on  the  north-east,  and  form  the 
north-east  portion  of  the  small  island  of  Eig.  In  Ireland,  they  are 
confined  to  the  district  between  Portrush  and  Belfast  Lough,  where 
they  appear  in  coast  sections,  very  slightly  developed  between  the 
red  sandstone  and  the  chalk. 

In  treating  of  the  general  mineral  characters  of  the  rocks  of  the 
oolitic]  system,  some  of  the  localities  on  the  continent  of  Europe 
where  they  occur  have  been  already  noticed,  and  their  agreement 
or  disagreement  with  the  northern  and  southern  types  of  England 
has  been  pointed  out.  An  adequate  notion  of  their  intricate  rami- 
fications through  France  and  Germany  can  only  be  obtained  by 
consulting  a  geological  map  of  those  countries.  They  surround  the 
cretaceous  deposits  of  the  Paris  basin,  from  Caen,  by  Poitiers,  to 
Mezieres  and  the  Ardennes,  spreading  westward  and  southward  of 
those,  mountains  by  Luxemburg,  Metz,  Nancy,  and  Dijon,  to  near 
Lyons.  From  Poitiers  one  branch  runs  south-west  to  Rochelle, 
and  another  south-east  to  the  Cevennes,  sweeping  round  again  to 
the  west  along  the  northern  flanks  of  the  Pyrenees. 

From  near  the  eastern  termination  of  that  chain,  the  Jura  kalk 
and  calcaire  k  gryphites  (oolite  and  lias)  have  a  north-eastern  range, 
constituting  the  French  and  Swiss  Jura.  They  are  continued  through 
Wurtemburg  into  Bavaria,  along  the  north  bank  of  the  Danube, 
turning  north  at  Ratisbon  to  the  banks  of  the  Maine  at  Banz,  near 
Coburg,  by  Nuremburg  and  the  district  of  Bayreuth,  so  celebrated  fo? 
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its  ossiferous  caverns.     In  Northern  Qerraany,  the  lias  resting  on  red 
marl  is  seen  on  the  north  of  the  Erzgebirge  and  round  the  Hartz. 

The  oolitic  rooks,  but  under  the  altered  mineral  aspect  already 
noticed,  range  eastward  from  Savoy  through  the  Alps,  on  their 
northern  side  as  far  as  Vienna,  and  on  their  southern  side  by  Lago 
Maggiore,  Lago  di  Quarda,  uid  Belluno,  to  Laybach,  whence 
branches  are  thrown  off  into  lUyria,  Dalmatia,  and  Greece.  The 
limestone  about  Cracow,  north  of  the  Carpathians,  is  referred  to 
this  era.  In  its  upper  part  are  found  those  ferriferous  deposits 
which  have  been  mentioned  as  the  probable  marine  equivalents  of 
the  wealden  group  of  England.  Rocks  of  the  oolitic  series  occur 
in  the  Apennines,  the  Balearic  Isles,  Spain,  and  Mount  Atlas. 

Anomalous  Mixture  of  Fossils  in  the  South  of  Europe. 

It  is  not  only  in  their  mineral  characters  that  the  oolitic  rocks  of 
the  Alpine  type  differ  from  those  of  Northern  and  Western  Europe ; 
they  are  distinguished  by  a  general  scarcity  of  organic  remains,  and 
present  at  several  points  some  anomalous  mixtures  of  fossils  of 
difierent  geological  epochs.  At  the  Col  du  Chardonnet  (Hautea 
Alpes),M.  Elie  de  Beaumont  has  found  calamites^  sigillarise,  lepido- 
dendra,  and  other  plants  of  the  coal  measures,  having  beds  containing 
belemnites  above  and  below  them ;  these  beds,  according  to  the  same 
author,  being  continued  to  Digne  and  Sisteron,  where  they  contain 
other  fossils  characteristic  of  the  lias.  In  the  Oulf  of  Spezzii^  also, 
Signor  Guidoni  discovered  a  mixture  of  belemnites,  orthoceratites, 
and  ammonites,  most  of  the  ammonites  belonging  to  undescribed 
species.  We  shall  see  hereafter  that  the  equivalents  of  the  creta- 
ceous rocks,  in  countries  bordering  the  Mediterranean,  contain  fossils, 
which  in  the  north  of  Europe  are  confined  to  the  tertiary  strata. 

The  general  scarcity  of  organic  remains  in  the  oolitic  rocks  of 
Southern  Europe  has  been  ascribed  to  the  prevalence  of  a  very  deep 
ocean  over  those  regions,  while  sediment  enveloping  a  great  abund- 
ance of  animal  exuviae  were  forming  in  the  shallow  seas  of  other 
parts  of  the  European  area ;  and  the  nature  of  the  shells  contained  in 
the  southern  oolites,  (belenmites,  orthoceratites,  ammonites,)  all 
furnished  with  an  apparatus  for  floating,  appears  to  favour  the 
hypothesis.  The  plants  imbedded  in  the  sandstones  or  macignos  of 
Italy  are  also  marine.  The  land  plants  of  the  Col  du  Chardonnet, 
belonging  to  the  carboniferous  era,  may  have  lingered  in  some  island 
of  this  southern  ocean  after  they  became  extinct  in  those  more 
northern  regions  from  which  the  vegetable  remains  of  the  coal 
measures  of  England,  France,  Belgium,  and  Germany,  appear  to 
have  been  derived. 
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Igneous  Rocks  and  Disturbances. 

The  oolitic  system  exhibits  in  Great  Britain  few  instances  of 
local  disturbance  by  the  intrusion  of  igneous  rocks.  The  Coclifield 
basaltic  dike  in  Yorkshire  cuts  the  lias  and  lower  oolites,  producing 
the  usual  changes  near  the  point  of  contact.  Professor  Sedgwick 
and  Mr.  Murchison  found  the  oolitic  rocks  of  Brora  much  fractured 
and  disturbed  as  they  approached  the  granite,  and  at  the  junction  is  a 
breccia,  composed  of  fragments  of  all  the  beds  of  the  series  which 
occur  on  that  coast,  from  which  they  infer  that  the  granite  was  in 
this  case  upheaved  in  a  solid  form. 
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Cretaceous  System. — Proofs  of  lapse  of  time  afforded  by  the  oolitic  and 
cretaceous  systems. — Persistency  of  the  white  chalk  oeer  the  north 
of  Europe. —  Variation  of  mineral  character  in  Southern  Europe 
— in  America. — English  cretaceous  formations — greensand — its 
subdivisions — chcJk — its  subdivisions. — Organic  remains — plants 
few^  and  exclusively  marine — sponges  and  echinida  abundant'^ 
hamites — baculites — scaphites — hippurites  and  nummulites  (f 
Southern  Europe — two  new  orders  of  fishes — reptiles — mosasau- 
rus. — Beds  intermediate  between  the  cretaceous  and  tertiary 
deposits  at  Maestricht^  Faocoe^  and  the  Eastern  Alps. — Oceanic 
origin  of  the  white  chalk — chalk  partly  composed  of  microscopic 
shells — calcareous  mud  of  the  Bermudas — precipitation  from  cal- 
careous and  siliceous  submarine  springs. — Geographical  distri* 
button  of  the  cretaceous  rocks. — Igneous  rocks  and  disturbances. — 
Proportions  of  extinct  genera  in  the  different  secondary  systems. 
— Mineralization  of  organic  remains. 

Cretaceous  System. 

Synonynu.  Chalk  ;  chalk  marl,  English  authors.  Craie  ;  Craie  iufau^  French. 
Kneids  kreidemergel^  German.  SoagUa^  Italian.  Greensand,  English  authors. 
Glaueonie  crayetue;  Glaueonie  tableute,  French.  Chlorititohe  kreide:  Pkmerkalk; 
Quader$andsiem  qf  Pima,  German. 

Proofs  of  lapse  of  Time  afforded  by  the  Oolitic  and  Cretaceous 

Systems. 

Notwithstanding  the  great  thickness  of  the  wealden,  it  appears 
to  have  been  formed  in  water  of  little  depth ;  one  of  the  proofs  of 
which  is,  the  repeated  occurrence,  at  various  levels,  of  beds  of  stone, 
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having  a  rippled  surface,  like  that  observable  on  sand-banks  within 
the  limits  of  high  and  low  water,  or  constantly  covered  by  shallow 
water.  This  must  have  been  caused  by  the  very  gradual  sub- 
mergence of  the  rock  on  which  the  wealden  rests ;  the  subsidence 
being  so  slow,  that  it  took  place  no  faster  than  the  estuary  was  filled 
by  the  influx  of  river  sediment ;  and  thus  we  have  evidence,  in  addi- 
tion to  that  already  adduced,  that  a  great  interval  elapsed  between 
the  conversion  of  the  sea-bom  strata  of  the  Portland  oolite  into  dry 
land,  and  the  submergence  of  the  upper  part  of  the  wealden  beneath 
the  cretaceous  ocean.  That  ocean  covered  the  delta,  or  estuary,  not 
by  a  sudden  irruption,  but  by  a  gradual  process,  for  the  upper 
wealden  rocks  exhibit  a  passage  into  the  cretaceous  deposits.  These 
are  not  less  than  1000  feet  in  thickness,  are  overlaid  by  a  consider- 
able depth  of  other  marine  and  freshwater  strata,  which  are  but  the 
earlier  members  of  the  supracretaceous  group,  containing  an  entirely 
different  suite  of  fossils,  representing  a  long  zoological  epoch,  and 
passing  by  a  gradual  change  into  the  present  state  of  nature. 
Moreover,  the  entire  group  of  rocks  between  the  Portland  oolite 
and  the  most  recent  tertiary  bed,  constitutes  but  a  small  fraction  of 
the  fossiliferous  series,  every  member  of  which  is  derivative,  affords 
evidence  of  gradual  and  successive  deposit,  and  requires  time  for  its 
formation — time  for  the  abrasion  of  pre-existing  rocks,  fragments  of 
which,  often  containing  their  peculiar  fossils,  are  found  imbedded  in 
newer  deposits — ^time  for  the  consolidation  of  the  sediment  of  which 
it  was  composed — time  for  the  growth  of  successive  generations  of 
plants,  zoophytes,  and  animals  which  it  envelopes — ^time  for  the 
repeated  changes  of  organic  types  which  have  taken  place,  not 
suddenly,  but  insensibly,  from  formation  to  formation  apd  from 
system  to  system.  Who  that  knows  all  this,  will  venture  to  crowd 
the  long  series  of  events  which  geology  discloses  into  the  brief 
space  during  which  our  race  has  existed;  or  .will  attempt  to  define 
the  limits  of  those  ages  which  must  have  elapsed  between  the  first 
envelopement  of  spirifers  and  zoophytes  in  the  sand  and  mud  which 
now  constitute  the  solid  rocks  of  Snowdon,  and  the  formation  of 
the  first  bed  of  gravel  which  was  deposited  after  man  was  placed 
upon  the  earth  ! 

Mineral  Characters  of  the  Cretaceous  System, 

The  cretaceous  group  of  rocks  affords  an  instance,  by  no  means 
uncommon  in  geological  nomenclature,  of  a  name  founded  on  mine- 
ralogical  characters,  appropriately  applied  to  a  part  of  the  series  in 
the  countries  where  it  was  first  studied,  and  extended  with  the 
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advance  of  our  knowledge  to  rocks  of  a  widely  different  compo- 
sition, which,  on  the  evidence  of  position  and  organic  remains,  are 
proved  to  have  been  formed  during  the  same  epoch. 

The  name  cretaceous,  is  derived  from  creta,  the  Latin  for  the 
well-known  substance,  white  chalk,  a  nearly  pure  carbonate  of  lime, 
in  general  soft  and  earthy,  but  occasionally  sufficiently  indurated  to 
be  used  as  a  building  stone.  The  system  may  be  described  as 
arenaceous  and  argillaceous  in  its  lower  part,  calcareous  in  its  upper 
part. 

Persistency  of  the  White  Chalk  over  the  North  of  Europe.  This,  at 
least,  is  its  character  throughout  England  and  a  considerable  portion 
of  France  and  Oerraany ;  and  the  white  chalk  is  found,  with  very 
slight  variations  of  mineral  aspect,  but  subject  to  interruptions  of 
continuity,  over  an  area  above  1100  miles  long,  extending  from  the 
north  of  Ireland,  through  England,  France,  Belgium,  Germany, 
Poland,  and  Southern  Russia,  to  the  Crimea,  with  a  breadth  of  more 
than  800  miles,  or  from  the  south  of  Sweden  to  Bourdeaux. 

Variation  of  Mineral  Character  in  Southern  Europe.  In  the 
Alps,  and  on  the  flanka  of  the  Carpathians,  the  arenaceous  deposits 
constitute  nearly  the  whole  of  the  mass.  In  the  Pyrenees,  the  cal- 
careous portions  consist  of  compact  crystalline  marble,  and  the 
arenaceous  deposits  are  represented  by  shales,  grits,  and  micaceous 
sandstones,  having  an  aspect  nearly  resembling  that  of  our  carboni- 
ferous series,  and  containing  impressions  of  plants  and  lignite.  On 
the  southern  slope  of  the  Alps  and  in  the  Apennines,  white,  greenish, 
and  reddish  beds  prevail,  frequently  argillaceous,  and  not  differing 
very  widely  from  the  cretaceous  type.  In  the  Morea,  compact  lime- 
stone, granular  limestone,  jasper,  and  pudding-stone,  with  a  siliceous 
base,  represent  the  soft  cretaceous  rocks  of  the  north  of  Europe. 

America.  On  the  eastern  side  of  the  United  States,  the  equiva- 
lents of  the  cretaceous  systems  of  Europe  are  largely  developed  in 
New  Jersey,  whence  they  may  be  traced  through  the  southern 
states  to  Florida,  and  thence  to  Arkansas,  Alabama,  and  Missouri. 
In  the  northern  part  of  this  tract,  yellow  ferruginous  and  green 
sands  are  the  prevailing  rocks  associated  with,  and  at  length 
replaced  by  limestones,  generally  compact  and  shelly,  sometimes 
approaching  a  chalky  aspect,  but  affording  neither  real  chalk  nor 
flints. 

Subdivisions. 

In  England,  the  cretaceous  system  has  been  divided  into  two 
formations,  the  greensand  and  the  chalk ;  in  which  the  following 
subdivisions  have  been  established. 

Y  2 
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Chalk  Formation.     Thickness,  600  to  1,000  feet. 

Upper  chalk. 
Lower  chalk. 
Chalk  marl. 

Greensand  Formation.     Thickness,  580  feet. 

Upper  greensand,  (Firestone,  Malm  rock.) 
Gault,  (Tetsworth  clay,  Folkestone  clay.) 
Lower  greensand,  (Ironsand,  Shuiklin  sand.) 

These  subdivisions,  however,  can  only  be  considered  local,  and 
are  most  perfectly  exhibited  in  the  south  of  England;  the  lower 
greensand  not  extending  further  to  the  north  than  Cambridge,  nor 
the  upper  greensand  beyond  Lincolnshire.  In  Yorkshire,  the  chalk 
rests  on  blue  or  green  clay — ^the  Speeton  clay  of  Phillips.  Of  the 
chalk  formation,  the  upper  part  is  the  most  persistent. 

TAs  Lower  Greensand.  This  subdivision  consists  of  sand  and 
sandstone,  fermginous  in  the  lower  part,  green  in  the  upper  part, 
and  containing  layers  of  chert,  local  beds  of  marl,  ochre,  and  fullers^ 
earth,  and  cherty  or  chalky  limestone.     Thickness,  30  to  100  feet. 

Gauli^  or  Golt.  A  light  blue  argillaceous  deposit,  generally 
clayey  above,  and  marly  below.     Thickness,  10  to  180  feet. 

Upper  Greensand.  Oreen,  gray,  or  white  sands,  sometimes  pass- 
ing into  cherty,  or  chalky  sandstone,  with  layers  and  nodules  of  chert. 
The  green  colour  is  derived  from  grains  of  silicate  of  iron,  which 
is  a  variety  of  chlorite.  It  is  disseminated,  more  or  less,  through 
the  lower  part  of  the  cretaceous  system,  not  only  in  England,  but 
very  generally  on  the  continent  of  Europe,  and  even  in  the  creta- 
ceous sands  of  America.     Thickness,  about  250  feet. 

Chalk  Formation, 

Chalk  Marl.     An  argillaceous  form  of  chalk. 

Lower  Chalky  harder  than  the  upper  chalk,  not  so  white,  and  con- 
taining in  general  fewer  flints.  Oreen  grains,  and  grains  of  quartz, 
are  sometimes  disseminated  through  it.  In  Yorkshire  and  Lincoln- 
shire, and  at  Hunstanton,  in  Norfolk,  a  bed  of  red  chalk,  from  six 
to  twelve  feet  thick,  constitutes  the  base  of  this  formation. 

Upper  Chalky  soft  and  white,  with  nodules  of  flint,  in  layers  from 
four  to  six  feet  apart.  These  layers  of  flint  are  frequently  almost 
the  only  indications  of  stratification  aflbrded  by  the  mass. 
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Orqanic  Rbmains. 

The  organic  remains  of  the  cretaceous  STstem  are  nearly  all 
marine,  and  afford  a  group  entirely  distinct  from  those  of  the  oolitic 
rocks  below,  and  the  tertiary  strata  above.  The  plants  are  few,  and 
exclusively  marine,  with  the  exception  of  fragments  of  coniferous 
wood,  which  appear  to  have  floated  in  the  sea  for  a  considerable  time, 
as  they  are  perforated  by  teredines.  No  land  or  freshwater  shells, 
and  no  bones  of  mammalia,  have  been  met  with.  Sponges  and  corals 
are  numerous,  particularly  the  former.  Crinoidea  are  rare,  being 
confined  almost  exclusively  to  the  species  Apiocrinus  elypticus,  and 
to  a  genus  of  crinoidea,  named  marsupites  (155),  which  was  capable 
of  locomotion,  being  destitute  of  a  column  and  process  of  attach- 
ment, and  probably  floated  freely,  like  the  medussB  and  some 
zoophytes.  Echinida  are  abundant,  the  prevailing  genera  being 
spatangus  (156),  ananchytes  (157),  and  galerites  (158).  Of  con- 
chifers,  the  genera  most  common,  and  containing  the  greatest  num- 
ber of  species,  are  terebratula  (159 — 161),  pecten,  inoceramus,  and 
plagiostoma  (162 — 166).  Of  cephalopoda,  the  genera  ammonites 
and  belemnites  (167),  are  largely  developed,  though  less  so  than 
in  the  oolitic  rocks.  The  genera  hamites  (168),  baculites  (169), 
scaphites  (170),  and  turrilites  (171),  are  numerous,  and  character- 
istic of  this  system;  a  few  only  being  found  in  the  oolites,  and 
none  in  the  tertiary  strata. 

Hippurite  and  Nummulite  Limestone  of  Southern  Europe.     The 
limestones   which,   in   the  countries  bordering  the  Mediteranean, 
are  the  equivalents  of  the  cretaceous  rocks  of  the  north  of  Europe, 
have  received  the  names  of  hippurite  and  nummulite  limestone, 
from  the  abundance  of  the  remains  of  those  two  genera  contained 
in  them.     The  shell  of  the  hippurite  is  unlike  that  of  any  genus  of 
mollusc  at  present  existing.     It  is  found  in  the  true  chalk  of  the 
south  of  France,  and  one  species  has   been  met  with  in  that  of 
England.     The  nummulite   is  a  discoid  chambered   shell,  which 
derives  its  name  from  its  resemblance  to  a  piece  of  money.     In  the 
north  of  Europe,   it   is  found  abundantly  in  the  tertiary  strata 
(172)  ;  as  a  fossil  of  the  chalk  it  is  confined  to  the  south  of  Europe. 
We  have  in  these  facts  an  instance  of  local  contemporaneous  dif- 
ferences, analogous  to  those  now  existing  between  the  molluscous 
inhabitants  of  distant  seas,  such  as  the  German  Ocean  and  Medi- 
terranean. 

The  crustaceans  of  this  era  are  confined  to  a  few  remains  of 
astacidae,  a  family  comprehending  the  lobster  and  the  crawfish. 
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Two  new  Orders  of  Fishes. 

The  cretaceous  epoch  is  reiuarkable  for  a  great  change  in  the 
organization  of  fishes.  During  the  formation  of  the  older  strata,  the 
phftcoid  and  ganoid  orders  of  Agassiz  had  exclusively  prevailed; 
in  the  cretaceous  epochs  genera  of  the  ctenoid  and  cycloid  orders 
first  appeared.  These  distinctions  are  founded  on  differences  in 
their  scaly  covering  which  were  accompanied  by  other  peculiarities 
of  organization. 

The  placoid  fishes  (from  irXa^y  a  broad  plate)  are  characterized 
by  having  the  skin  irreffularly  covered  with  plates  of  enamel,  some- 
times large,  sometimes  reduced  to  small  points  as  in  sharks  and 
rays,  the  former  of  which  afford  the  well-known  substance  shagreen. 
This  order  comprehends  all  the  cartilaginous  fishes  of  Cuvier, 
except  the  sturgeon. 

The  ganoid  fishes  (from  70^09,  splendor)  are  covered  regularly 
with  angular  scales,  composed  of  homy  or  bony  plates,  coated 
externally  with  a  bright  enamel.  More  than  five-sixths  of  the 
genera  belonging  to  tibis  order  are  extinct.  The  bony  pike  (lepi- 
dosteus)  and  the  sturgeon  belong  to  it.   (173.) 


Plaooid. 


Ganoid. 


The  ctenoid  fishes  (from  iCT€i9,  a  comb)  are  characterized  by 
scales  jagged  or  pectinated  on  the  posterior  margin,  as  in  the  perch. 

The  cycloid  fishes  (from  kvkXo^^  a  circle)  have  scales  smooth 

and  simple  on   the  margin,   and  often  ornamented  with  various 

figures  on  their  upper  surface.     The  herring  and  the  salmon  are 

examples.     (174.) 

174 


Ctenoid. 


Cycloid. 


In  these  two  last  orders,  the  scales  are  composed  of  laminse  of 
bone,  or  horn,  and  are  destitute  of  enamel.  To  the  ctenoid  and 
cycloid  orders,  belong  three-fourths  of  the  eight  thousand  known 
species  of  living  fishes.      These  orders  first  appear,  as  we  have 
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already  said,  during  the  cretacfioae  era.  Nearly  two-thirds  of  the 
species  of  that  en  belong  to  extinct  genen,  and  none  of  them  are 
identical  with  those  of  any  other  system,  more  ancient  or  recent. 

In  the  chalk  of  Sussex,  Mr.  Mantell  has  found  fossil  fishes  with 
the  air  bladder  distended,  and  containing  the  contents  of  the 
intestinal  canal,  proving,  as  in  the  case  of  the  ichthyosauri  of  the 
lias,  sudden  destruction  and  rapid  envelopement.  Certain  bodies 
found  in  the  chalk,  and  once  considered,  from  their  form,  to  be 
cones  of  the  larch,  have  been  proved  by  Dr.  Buckland,  aided  by  the 
analysis  of  Dr.  Prout,  to  be  coprolites  or  fossil  feces  of  fishes. 

•  Reptiles. 

Motataurtu.  Marine  chelonise  occur  in  the  slate  of  Qlaria,  in 
Switzerland,  and  in  other  rocks  referrible  to  this  era.  Only  a  few 
remains  of  ichthyosaurus,  once  so  abundant,  are  met  with  in  the 
cretaceous  rocks,  and  that  in  the  lowest  portion  of  them. 

Their  office  appears  to  have  been  filled  by  the  mosasaurus,  which 
is  characteristic  of  the  cretaceous  group.  It  has  been  found  in  the 
upper  chalk  of  Sussex,  in  the  greensand  of  Virginia,  and  in  the 
limestone  beds,  resting  on  the  upper  chalk  at  Maestricht,  of  which 
we  shall  presently  have  occasion  to  speak.  By  the  head  and  teeth 
it  is  allied  to  the  monitor,  a  small  terrestrial  lizard  seldom  exceeding 
five  feet  in  length.  The  proportions  and  organization  of  other  parts 
justify  the  conclusion  that  it  was  adapted  for  constant  abode  in  the 
sea,  and  must  have  been  as  large  as  a  grampus,  or  about  twenty-five 
feet  long. 

Though  carnivorous,  it  differed  widely  in  the  character  of  its 
dentition  from  the  orocodilean  type,  the  teeth  having  no  true  roots, 
and  not  being  hollow  as  in  the  crocodilee,  but  being,  when  ftaU 
grown,  solid  throughout,  and  united  to  their  socket  by  a  base  of 
bone,  as  well  as  by  the  ossification  of  the  capsule  which  bad  fur- 
nished the  enamel,  and  which,  in  this  state,  formed  a  circolsr 
buttress  round  the  base  of  the  tooth,  communicating  to  it  great 
strength.  (175.)  The  roof  of  the  mouth  was  also  furnished,  as  in 
some  serpents  and  fishes,  with  an  apparatus  of  teeth  acting  as  barbs 
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to  prevent  the  escape  of  its  prey.  The  vertebrae  are  all  concave  in 
front,  convex  behind,  and  fit  into  each  other  by  a  ball  and  socket 
joint,  allowing  of  flexion  in  any  direction.  They  resemble  the 
vertebrae  of  dolphins,  in  being  destitute,  from  the  centre  of  the  back 
to  the  extremity  of  the  tai],  of  those  articular  apophyses,  or  bony 
processes,  which  are  necessary  to  support  the  back  of  animals  which 
move  on  the  land.  The  tail,  broad  and  flattened  on  the  sides,  and 
extended  vertically  like  the  blade  of  an  oar,  was  adapted  for  pro- 
gressive motion  like  that  of  sculling,  while  for  the  purpose  of 
descending  in  search  of  prey,  or  rising  to  the  surface  to  breathe,  the 
animal  appears  to  have  been  furnished  with  four  paddles,  like  those 
of  the  whale  or  ichthyosaurus.  No  bones  of  mammalia  have  yet 
been  found  in  the  rocks  of  this  era.  Those  once  referred  to  cetacese, 
have  proved  on  further  examination  to  have  belonged  to  some 
unknown  saurian. 

Birds. 

An  important  addition  to  the  fauna  of  this  epoch  has  lately  been 
made,  in  the  humerus  of  a  bird  allied  to  the  albatross  obtained  by 
Lord  Enniskillen,  from  the  chalk  of  Kent,  and  in  the  entire 
skeleton  of  a  small  bird,  resembling  a  swallow,  discovered  by  Pro- 
fessor Agassiz,  at  Glaris,  in  the  blue  slate  beds  of  the  lower  part  of 
the  cretaceous  system  of  the  Alps. 

Beds  intermediate  between  the  Cretaceous  and  Tertiary  Series, 

Maestricht  and  Faxoe.  There  is  in  general  an  entire  break 
between  the  secondary  and  tertiary  groups,  but  at  St.  Peter^s 
Mount,  near  Maestricht,  and  at  Faxoe,  in  Denmark,  are  beds 
which  appear  to  indicate  a  passage  from  the  cretaceous  to  the 
tertiary  systems. 

In  these  localities,  chalk  fossils  of  the  extinct  genera,  and  species 
peculiar  to  the  chalk,  are  associated  with  turretted  univalves  of 
genera  usually  characteristic  of  tertiary  strata,  but  not  identical  with 
tertiary  species.  At  Maestricht,  this  intermixture  of  fossils  is  found 
in  a  limestone  rock,  of  a  coarse  sandy  texture,  superior  in  position 
to  the  upper  chalk,  and  containing  siliceous  layers  not  composed  of 
flint,  but  of  chert  and  calcedony.  The  organic  remains  which  are 
considered  as  indicating  a  passage  from  the  chalk  to  the  calcaire 
grossier,  consist  of  ammonites,  baculites,  hamitep^  genera  not  found 
in  any  tertiary  deposit,  and  they  are  mixed  with  genera  of  turretted 
imivaJves,  commonly  confined  to  the  tertiary  strata.  This  rock, 
likewise,  contains  the  remains  of  mosasaurus,  some  vertebrae  of 
which  have  been  found  in  the  chalk  of  England. 
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In  the  Isle  of  Seeland,  in  Denmark,  the  white  chalk  is  charac- 
terized by  the  same  fossils  as  the  upper  chalk  of  England,  and  is 
described  by  Mr.  Lyell  as  covered,  at  Faxoe  and  other  places,  by 
a  yellowish  limestone,  consisting  chiefly  of  fragments  of  coral 
cemented  by  a  chalky  matrix.  Like  the  white  chalk  it  contains 
flint,  but  they  are  more  cherty,  and  in  continuous  layers.  Out  of 
132  species  of  shells  from  this  limestone,  twenty-six  have  been 
ascertained  to  be  identical  with  chalk  species ;  the  rest  are  distinct 
from  them,  and  do  not  agree  with  any  known  tertiary  shells,  though 
they  belong  to  genera  (cypraca,  mitra,  voluta,  fusus,  and  cerithium), 
usually  deemed  peculiar  to  tertiary  formations*. 

Eastern  Alps.  On  the  flanks  of  the  Eastern  Alps,  Mr.  Mur- 
chison  and  Professor  Sedgwick  have  not  only  found  this  mixture 
of  secondary  and  tertiary  genera  in  strata,  resting  upon  the  Alpine 
limestone  (the  equivalent  of  the  cretaceous  rocks  of  Northern 
Europe) ;  but  they  contend  that  they  are  surmounted  by  higher  and 
conformable  strata,  containing  abundance  of  tertiary  species,  and 
that  they  thus  form  a  transition  group,  occurring  in  a  long  and 
unbroken  series  of  formations,  interpolated  between  the  oldest  ter- 
tiaries  of  the  Paris  basin  and  the  chalk. 

Oceanic  0  riff  in  of  the  Cretaceous  System. 

In  describing  the  wealden  group,  we  have  pointed  out  the  proofs 
of  that  subsidence  which  caused  the  forest  of  the  Portland  dirt  bed 
to  be  covered  first  by  a  shallow  estuary,  and  finally  by  a  deep  sea. 
From  the  destruction  of  the  land  thus  submerged,  we  may  derive 
the  materials  of  the  lower  part  of  the  cretaceous  system.  Its  sands 
indicate  watery  agitation,  like  that  of  shallow  seas  near  coasts,  but 
the  absence  of  the  remains  of  terrestrial  plants,  so  abundant  in  the 
sandstone  of  the  carboniferous  formation  and  of  the  Yorkshire 
oolites,  precludes  the  supposition  of  dry  land  in  the  vicinity,  and 
renders  it  probable  that  the  cretaceous  sands  were  formed,  not  by 
the  drifting  of  detritus  into  the  sea  by  rivers  and  inundations,  but 
by  the  action  of  submarine  currents  on  the  submerged  land ;  and 
the  pebbles  of  the  greensand,  consisting  of  quartz,  jasper,  quartzose 
sandstone,  and  flinty  slate,  with  scales  of  mica  and  grains  of 
chlorite,  indicate  the  nature  of  the  rocks  of  which  that  land  was 
composed.  As  the  subsidence  continued,  and  the  depth  of  the 
sea  increased,  the  agitation  of  currents  ceased,  beds  of  gravel,  sand, 
and  mud,  were  no  longer  formed,  and  the  white  chalk  accumulated 
over  the  extensive  area  already  described.     Its  organic  remains,  its 

*  Proceedings  <^f  the  Geologieal  Society^  vol.  ii.,  p.  192. 
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homogeneous  composition,  the  absence  of  detritus,  with  the  excep- 
tion of  a  few  insulated  pebbles  of  quartz  and  chlorite  slate,  the  pre- 
sence of  which  has  been  explained  by  Mr.  Lyell,  on  the  supposition 
of  their  having  been  floated,  attached  to  sea-weed,  all  concur  in 
leading  to  the  conclusion  that  it  was  formed  in  the  tranquil  depths 
of  an  open  sea.  But  by  what  means  was  it  formed  i  Was  it 
elaborated  from  the  WB,teT  by  organic  agency,  or  was  it  thrown 
down  as  a  chemical  precipitate  from  calcareous  solutions,  existing 
abundantly  in  the  cretaceous  ocean!  Dr.  Buckland  has  proposed 
the  hypothesis  of  a  compound  precipitate  of  calcareous  and  siliceous 
matter,  the  organic  remains  dispersed  through  the  mass  constituting 
nuclei,  to  which  the  silex,  in  separating  from  the  calcareous  matter, 
would  have  a  tendency  to  attach  itself,  the  distances  between  the 
layers  of  flint  being  regulated  by  the  intervals  of  precipitation. 
Each  new  mass  would  thus  form,  on  the  floor  of  the  ocean,  a  pulpy 
fluid,  which  did  not  penetrate  the  bed  on  which  it  rested,  because 
the  previous  deposit  had  acquired  too  great  a  degree  of  consolidation 
to  allow  of  such  intermixture. 

Chalky  partly  composed  of  microscopic  Shells.  On  the  other 
hand,  very  strong  arguments  are  adduced  in  favour  of  the  organic 
origin  of  chalk.  In  the  first  place,  Mr.  Lonsdale  has  discovered 
that  in  a  mass  of  this  mineral  many  apparent  grains  of  chalk  are  in 
reality  microscopic  shells  and  fragments  of  marine  corals,  of  which 
he  obtained  above  a  thousand  from  a  pound  of  chalk,  and  Professor 
Ehrenberg  has  detected  the  siliceous  cases  of  infusoria  entering  into 
the  composition  of  flint  and  tripoli. 

Calcareous  Mttd  of  the  Bermudas,  Again,  Lieutenant  Nelson 
found,  at  the  bottom  of  the  lagoons  of  the  Bermudas,  which  are 
surrounded  and  inclosed  by  reefs  of  coral,  a  soft  white  calcareous 
mud,  derived  from  the  decomposition  of  eschara,  flustra,  cellepora, 
and  other  soft  corallines,  which  mud  when  dried  is  undistinguish- 
able  from  chalk.  Similar  mud,  observed  by  Mr.  Darwin  at  the 
bottom  of  the  sea,  near  coral  reefs,  in  the  Pacific,  led  him  to  the 
belief  that  much  of  it  had  resulted  from  the  digestive  process  of 
worms  and  fishes.  The  latter  were  seen  through  the  clear  water 
browsing  on  living  corals,  and  on  opening  their  intestines  they 
were  found  to  contain  impure  chalk.  From  the  consideration  of 
these  facts,  Mr.  Lyell  is  of  opinion  that  the  white  chalk  of  the 
north  of  Europe  may  have  been  calcareous  mud,  derived  from  the 
decay  of  corals  growing  on  reefs  and  spread  far  and  wide  by  oceanic 
currents,  however  thinly  the  reefs  and  islands  may  have  been  dis- 
persed through  the  cretaceous  ocean  *. 

*  Element*  of  Geology^  p.  321 ,  326,  330. 
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Precipitation /rom  Calcareom  Submarine  Springs.  We  must 
not,  however,  lose  sight  of  a  case,  adduced  by  the  same  author,  of  a 
tertiary  freshwater  limestone  with  flints  in  the  Cantal,  which  is 
undistinguishable  by  lithologioal  characters  from  the  true  chalk. 
Into  the  composition  of  this  freshwater  chalk,  the  mud  derived  from 
the  decomposition  of  coral  reefs  cannot  have  entered,  and  we  can 
have  little  hesitation  in  referring  the  calcareous  and  siliceous  matter 
contained  in  it  to  the  waters  of  springs  connected  with  volcanic 
action,  and  charged  with  lime  and  silica*.  To  a  combination,  there- 
fore, of  these  two  causes  we  may  attribute  the  formation  of  the 
white  chalk,  vital  action  elaborating  carbonate  of  lime  from  the 
waters  of  the  ocean,  and  submarine  calcareous  springs  supplying 
lime  to  the  water.  The  chalk  will  thus  be  partly  calcareous  mud, 
derived  from  the  decomposition  of  organic  bodies,  and  partly  a  pre- 
cipitate of  carbonate  of  lime  and  silica,  from  which  the  latter  sepa- 
rated in  the  manner  supposed  by  Dr.  Buckland. 

Geographical  Extent. 

The  chalk  forms  an  important  feature  in  the  geology  and 
scenery  of  England,  from  its  great  extent,  from  the  whiteness  of  its 
sea  clifls,  and  from  the  smooth  and  flowing  outlines  of  its  hills, 
covered  with  short  and  verdant  turf,  destitute  in  a  great  measure  of 
wood,  and  marked  by  winding  and  inosculating  valleys,  which 
appear  to  have  once  constituted  a  system  of  drainage,  even  when 
they  are  watered  by  no  stream.  North  of  the  Humber  we  have  the 
Wolds  of  Yorkshire,  a  range  of  hills  rising  from  500  to  800  feet 
above  the  sea,  and  extending  nearly  fifteen  miles  inland  from 
Flamborough  Head,  their  western  escarpments  ranging  by  Speeton, 
Knapton,  Birdsall,  and  South  Cave,  to  the  Humber,  while  on  the 
east  they  sink  under  the  diluvial  and  alluvial  plains  of  Holdemess. 
On  the  opposite  side  of  the  Humber,  the  Wolds  of  Lincolnshire 
constitute  a  similar  range  of  hills,  with  an  average  breadth  of  rather 
more  than  six  miles. 

South  of  the  Wash,  that  great  triangular  area  commences  which 
extends  over  the  eastern  and  southern  counties,  bounded  on  the  east 
and  south  by  the  sea,  and  on  the  west  by  a  line  drawn  from  Hun- 
stanton Cliffs,  in  Norfolk,  to  Abbotsbury,  on  the  coast  of  Dorset- 
shire. Within  this  area  the  chalk  has  been  denuded  over  the 
wealden  tract  already  described,  and  is  partially  covered  by  the  two 
tertiary  districts  of  England. 

The  largest  and  most  northern  of  these  tertiary  districts  is 
defined  on  the  east  by  the  sea-coast,  from  near  Cromer,  in  Norfolk, 

*  Prinoiplet  qf  Geology,  vol.  iv.,  4th  edition^  p.  172. 
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to  the  southern  shore  of  the  estaary  of  the  Thames ;  on  the  south  by 
a  line  drawn  from  Reculver  by  Rochester,  passing  south  of  Croydon, 
north  of  Epsom,  and  north  of  Famhani  and  Kingsclere  to  Hunger- 
ford  ;  while  the  western  boundary  ranges,  in  a  north-east  direction, 
by  Reading,  Amersham,  St.  Albans,  'Bury  St.  Edmunds,  Diss, 
Attleborough,  East  Dereham,  and  Norwich,  to  the  sea-coast  near 
Cromer.  The  chalk  appears  in  insulated  patches  about  Ipswich 
and  Clare,  through  the  tertiary  strata  and  the  diluvium,  the  boundary 
between  which  is  not  well  ascertained.  It  is  also  seen  beneath 
these  deposits,  on  the  banks  of  the  Thames,  near  Purfieet,  and  in 
tiie  cliffs  bordering  the  coasts  of  Suffolk  and  Norfolk.  The  southern 
tertiary  district  is  a  triangular  space,  the  base  of  which  extends 
from  the  banks  of  the  Adder,  near  Shoreham,  to  Dorchester,  the 
apex  being  at  Houghton  Hill,  a  little  north-oast  of  Salisbury.  By 
these  two  tertiary  tracts,  and  by  the  wealden  denudation,  the  great 
chalk  district,  which  occupies  so  much  of  the  south  and  east  of 
England,  is  divided  into  several  ramifications,  the  directions  of 
which  are  defined  by  the  various  lines  of  elevation  by  which  the 
chalk  has  been  uplifted,  either  suddenly  or  gradually,  since  the  com- 
mencement of  the  tertiary  era.  The  principal  ramification  extends 
from  the  northern  coast  of  Norfolk  nearly  south  as  far  as  New- 
market, and  thence  south-west  parallel  to  the  range  of  the  oolite  by 
Cambridge,  Baldock,  Dunstable,  Wendover,  and  Wantage,  to  the 
sources  of  the  Kennet,  near  Marlborough.  Between  this  point  and 
Farnham,  on  the  north,  and  a  line  ranging  on  the  south  through 
Salisbury,  Winchester,  and  Bishop^s  Waltham,  lies  the  great  central 
expansion  of  the  chalk  in  Wiltshire  and  Hampshire,  from  which 
two  branches  extend  eastward,  under  the  name  of  the  North  and 
South  Downs.  The  North  Downs  range  from  Farnham  by  Guild- 
ford, Dorking,  Wrotham,  and  Canterbury,  to  Dover.  The  escarp- 
ments of  this  ridge  are  to  the  south,  and  the  dip  to  the  north,  and 
its  greatest  breadth  (about  ten  miles)  is  near  the  eastern  termination, 
where  the  strata  have  the  least  inclination,  while  in  the  steep  ridge 
of  the  Hog's  Back,  near  Guildford,  it  diminishes  to  half  a  mile. 
A  trough  of  alluvial  deposits  divides  the  chalk  of  the  Isle  of  Thanet 
from  this  main  ridge. 

The  South  Downs  having  their  escarpments  to  the  north  and 
the  dip  of  the  strata  to  the  south  range,  with  an  average  breadth  of 
about  five  miles,  from  near  Petersfield,  by  Midhurst,  Arundel,  and 
Lewes,  to  the  sea  at  Beachy  Head.  Another  branch  runs  from 
Salisbury,  in  a  south-west  direction,  by  Croydon  and  Dorchester  to 
Abbotsbury,  its  most  western  point  being  near  Beaminster.  From 
Abbotsbury,  on  the  Dorsetshire  coast,  a  narrow  ridge  of  cretaceous 
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rocks,  in  nearly  vertical  strata,  runs  eastward  through  the  Isle  of 
Portland  to  Handfast  Point,  and  reappears  in  the  Isle  of  Wight, 
extending  from  the  Needles  to  Culver  Cliffs. 

It  has  been  already  observed  that  the  greensand  formation  is 
wanting  in  Yorkshire,  but  it  is  seen  at  the  base  of  the  escarpments 
of  the  chalk  in  all  other  parts  of  England.  The  greatest  height 
which  the  chalk  attains  in  this  country  is  at  Inkpen  Beacon  in 
Wiltshire,  1011  feet  above  the  sea;  and  there  are  several  hills,  both 
in  Yorkshire  and  the  southern  counties,  which  attain  an  elevation  of 
full  800  feet.  In  tho  Alps  and  Pyrenees  cretaceous  rocks  have  been 
uplifted  to  the  height  of  8000  feet  above  tho  sea.  Scotland  and 
Wales  are  entirely  destitute  of  the  deposits  of  this  system,  but  in 
Ireland  chalk,  harder  and  more  compact  than  that  of  England, 
accompanied  by  greensand  (mulatto),  occupies  an  area  of  about 
800  square  miles  in  the  county  of  Antrim,  covered  by  basalt,  but 
displayed  in  tho  sea-cliffs  from  the  entrance  of  the  Foyle  to  the 
neighbourhood  of  Belfast.  In  the  north  of  France,  cretaceous  rocks 
of  the  English  type  are  largely  developed.  Tho  white  chalk,  con- 
tinued across  the  Channel,  appears  on  the  coast  between  Calais  and 
the  mouth  of  the  Seine  in  clif&  corresponding  to  those  of  Dover  and 
Beachy  Head,  and  sweeps  in  a  broad  zone  round  the  tertiary  district 
of  the  Paris  basin,  extending  on  the  south  as  far  as  the  banks  of  the 
Loire  at  Tours,  and  returning  northwards  by  Auxerre  and  Troyes. 
Further  south,  at  the  mouth  of  the  Garonne,  near  Rochelle,  is 
another  cretaceous  district  separated  from  that  of  the  north  of  France 
by  an  oolitic  tract,  and  covered,  between  the  Garonne  and  the 
Pyrenees,  by  tertiary  strata.  This  southern  district,  by  its  mineral 
characters  and  organic  remains,  constitutes  the  connecting  link 
between  the  nummulite  and  hippurite  limestone  of  Southern  Europe 
and  the  chalk  of  its  northern  regions. 

The  northern  portion  of  the  chalk  and  greensand  of  the  Paris 
basin,  which  on  tho  Belgian  frontier  is  in  contact  with  schistose  and 
carboniferous  rocks,  but  elsewhere  rests  on  oolitic  strata,  is  continued 
through  Belgium  to  Maestricht  and  Aix-la-Chapelle.  On  the 
eastern  side  of  tho  Rhine,  these  rocks  reappear  under  a  more  argil- 
laceous form,  and  extend  in  a  narrow  band  by  Essen  to  beyond 
Paderborn.  The  insulated  masses  of  chalk  which  are  seen  in 
Hanover,  Lunenburg,  Mecklenburg,  Pomerania,  in  the  Isle  of 
Rugen,  Jutland,  Zealand,  and  the  south  of  Sweden,  protruding 
through  the  diluvial  deposits,  render  it  probable  that  it  forms  the 
basis  of  a  large  portion  of  the  plains  of  Northern  Germany.  In 
Scania,  sands  containing  bituminous  wood  associated  with  cretaceous 
fossils  rest  upon  tho  chalk,  and  lignites  of  the  same  ago  are  supposed 
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to  cccur  in  Poland,  where  the  cretaceous  rocks  are  extensively 
developed  under  the  form  of  a  white  or  light-gray  calcareous  niarl, 
and  of  white  chalk,  identical  in  character  with  that  of  England, 
and  abounding  with  flints.  These  rocks  are  continued  in  Lithuania 
and  Southern  Bussia,  occupying  the  country  between  the  Bog  and 
the  Dniester,  and  appearing  in  detaehed  portions  in  Moldavia, 
Podolia,  Bessarabia,  the  borders  of  the  Sea  of  Azof,  and  the  country 
of  the  Don  Cossacks. 

Igneous  Rocks  and  Dislocations. 

In  England  we  have  no  igneous  rocks  associated  with  the  deposits 
of  this  system,  neither  do  they  contain  any  mineral  veins.  The 
whole  chalk  district  of  Ireland  is  overlaid  by  basalt  and  greenstone, 
both  amorphous  and  columnar,  in  numerous  beds  alternating  with 
bole  or  ochre.  At  Knocklead  the  entire  thickness  of  the  mass  is 
estimated  at  1000  feet.  At  the  Giant's  Causeway  ten  beds  of  basalt 
and  six  of  ochreous  rocks  are  visible,  having  an  aggregate  thickness 
of  500  feet.  These  must  have  originated  in  currents  of  submarine 
lava  flowing  over  the  bottom  of  the  ocean  after  the  deposition  of  the 
chalk  on  which  they  rest,  but  whether  during  the  tertiary  era  or 
before  its  commencement  we  have  no  means  of  determining.  The 
chalk  is  also  traversed  by  numerous  dikes  of  basalt  and  greenstone, 
which  have  produced  on  the  sedimentary  strata  the  usual  effects  near 
the  point  of  contact.  The  lias  at  Portrush  and  the  coal-shales  at 
Fairhead  are  converted  into  flinty  slate,  and  the  chalk  in  Rathlin 
Island,  at  Glenarm  and  various  other  places  is  changed  to  crystalline 
limestone,  largely  granular  near  the  dike,  finely  granular  at  a  greater 
distance,  and  passing  gradually  into  tlie  unaltered  chalk.  At  Tor 
Eskert,  in  Murloch  Bay,  syenite  traverses  and  covers  the  chalk. 
The  same  rock  overlies  cretaceous  deposits  at  Weinbohla. 

In  the  Pyrenees  they  are  in  contact  with  granite  and  become 
metalliferous.  These  mountains,  with  the  Northern  Apennines,  the 
Carpathians  and  the  ridges  of  Dalmatia  and  the  Morea,  comprising 
the  Pyreneo-apennine  system  of  De  Beaumont,  have  been  the  theatre 
of  violent  and  extensive  disturbances  after  the  deposition  of  all  the 
cretaceous  rocks  in  a  direction  ranging  w.n.w.  and  e.s.e. 

In  England  the  cretaceous  rocks,  as  well  as  the  oolitic,  appear  to 
have  been  exempt  from  any  violent  movements  till  the  commence- 
ment of  the  tertiary  era,  when  the  chalk  and  supracretaceous  deposits 
of  the  Isle  of  Wight  were  upset,  and  the  anticlinal  ridges  of  Dorset- 
shire, Hampshire,  and  Sussex,  were  produced. 

The  chalk  however  affords  evidence  of  a  gradual  and  long-con- 
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tinned  process  of  elevation,  to  which  we  may  ascribe  its  wasted 
surface,  the  pebbly  beds  of  the  early  tertiary  strata  which  rest  upon 
it,  the  sinuous  and  inosculating  valleys  by  which  it  is  furrowed,  and 
its  numerous  escarpments  resembling  sea-cliffs.  Other  proofs  of  the 
recurring  action  of  gradually  elevating  forces  along  the  same  line, 
during  many  geological  epochs,  are  furnished  by  the  narrower  limits 
within  which  each  successive  deposit  of  secondary  rocks  is  confined, 
from  the  gradual  contraction  of  the  area  of  the  adjoining  iea,  and 
by  the  regularity  with  which^  their  geographical  boundaries  follow 
one  another  in  eones  ranging  from  s.w.  to  n.k.  This  process  of 
gradual  elevation  appears  to  have  been  subject  to  interruption  from 
violent  dislocations,  such  as  those  by  which  the  carboniferous  strata 
were  so  generally  broken  up,  and  by  gradual  movements  of  local 
depression,  evinced  by  the  phenomena  of  the  dirt  bed  and  of  the 
wealden,  as  well  as  by  the  manner  in  which  the  chalk  both  in 
Yorkshii^e  and  Dorsetshire  overlaps  older  deposits;  but  the  result 
of  all  these  oscillations  has  been  a  progressive  rise  of  land,  and  a  pro-t 
gressive  addition  to  the  area  of  England  on  the  south  and  east,  from 
the  period  when  a  few  islands  of  Cambrian  and  Silurian  rocks  were 
first  elevated  above  the  waters  to  that  in  which  the  desiccation  of 
the  crag  converted  into  dry  land  part  of  the  littoral  deposits  of  the 
ancient  German  Ocean,  the  counterparts,  as  to  mineral  character, 
of  those  now  forming  round  our  shores,  and  differing  from  them  but 
slightly  in  the  group  of  imbedded  fossils. 

PnopoaTioNs  op  Extinct  Genera  in  the  Secondary  System. 

With  the  chalk  terminates  the  long  series  of  secondary  strata, 
in  which  all  the  species,  and  many  of  the  genera  and  families  of 
organic  bodies,  are  distinct  from  those  now  living. 

The  following  estimate  has  been  made  by  Professor  Phillips,  of 
the  proportional  number  of  species  belonging  to  extinct  genera  in 
the  rocks  of  each  system^. 

Cretoceons       ....  800  about  SOO  SB 

Oolitic,  a  difitinct  group  of  planU  -      1,900  n      600  38 

Poikilitic  ....  300  „        80  40 

\     I  COO  '  »       160  25 

Cambrian  and  Silurian      .        -  600  »      400  60 


Carboniferous ;  all  the  ierrefitrial 

plants  of  extinct  genera     -     f         "^  » 


*  Consult    tables  of   organic  remains  in  Phillips's  Geology,  Lari>ker*8 
CyelojMdia, 

Z  2 
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A  few  only  of  the  same  species  of  shell)?  are  found  in  two  sys- 
tems. No  two  systems,  according  to  Agassiz,  have  a  single  species 
offish  in  common. 

Mineralization  of  Organic  Remains. 

These  organic  remains  are  found  in  different  states,  varying  in 
general  with  the  antiquity  and  mineral  character  of  the  deposit  in 
which  they  occur.     There  are  exceptions,  but  in  general  the  more 
recent  the  rock,  the  more  nearly  the  fossils  approach  to  their  original 
condition.     The  greater  part  of  the  tertiary  strata  consist  of  uncon- 
solidated beds,  resembling  deposits  now  in  the  course  of  formation, 
and  in  these  the  shells  are  filled  with  loose  sand  or  clay,  and  have 
merely  parted  with  some  of  their  animal  matter.     In  some  cases, 
they  even  retain  their  colour.     A  large  portion  of  the  fragments 
found  in  the  diluvial  gravel  of  the  north-west  of  England  retain 
their  translucency,  do  not  adhere  to  the  tongue,  and  are  in  the  same 
condition  as  shells  recently  thrown  up  on  the  shore.    In  the  LondcHi 
clay,  the  shells  are  generally  filled  with  concretionary  argillaceous 
limestone,  or  with  iron  pjrrites,  and  the  fossils  of  the  lias,  and  other 
argillaceous  formations  of  the  oolitic  series,  are  in  very  nearly  the 
same  condition.     Some  of  the  gryphites  and  ostrea  of  those  clays 
even  approach  more  nearly  to  the  ordinary  condition  of  tertiary 
fossils  than  do  those  of  the  London  clay,  and,  on  the  other  hand,  in 
those  tertiary  deposits  which  are  partly  chemical  as  well  as  mecha- 
nical, we  sometimes  find  shells  as  much  lapidified  as  in  the  secondary 
rocks.     Fossil  shells  have  sometimes  undergone  decomposition  from 
water  percolating  the  strata,  leaving  only  casts  of  their  internal 
form,  or  impressions  of  their  exterior  surface.     In  other  cases,  the 
vacant  space  thus  formed  between  the  internal  nucleus  and  external 
impression  has  been  filled  with  calcareous  spar,  pyrites,  siliceous 
matter,  or  other  mineral  substance,  forming  an  exact  counterpart  of 
the  original  shell,  with  its  spines,  striae,  &c.    When  the  nucleus  has 
consisted  of  incoherent  sand  or  soluble  matter,  it  has  likewise  fre- 
quently been  removed,  leaving  a  hollow  shell  of  flint  or  calcareous 
spar.     In  some  specimens  of  corals  and  fossil  wood,  we  are  not  only 
thus  furnished  with  a  cast  of  the  external  form,  but  though  all  their 
original  calcareous  or  ligneous  substance  has  vanished,  the  internal 
organization   is  delicately  preserved  in  flint.     In   fossil   wood,  so 
perfect  is  the  preservation  of  the  internal  texture,  that  transverse 
slices,  cut  thin  enough  to  transmit  light,  and  magnified  about  fifty- 
five  times,  exhibit  the   medullary  rays   and   spiral  vessels,  which 
distinguish  different  kinds  of  wood,   and  we  are  thus  enabled  to 
determine  the  natural  botanical  group  to  which  the  plant  belonged. 
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In  the  chalk,  the  shells  and  sponges  are  generally  thus  converted 
into  flint,  sometimes  into  iron  pyrites.  In  the  limestones  of  the 
oolitic  and  carboniferous  systems,  they  are  mineralized  by  calcareous 
spar.  In  the  slate  rocks,  they  usually  occur  as  casts  or  impressions. 
In  the  coal  measures,  bark  and  ligneous  fibre  are  bituminized,  and, 
as  we  have  before  stated,  the  texture  of  the  different  kinds  of  wood 
may  be  detected  in  thin  slices  of  coal. 

The  bones  of  mammalia,  found  in  caverns  and  tertiary  deposits, 
have  in  general  lost  their  gelatine,  are  in  a  very  friable  state,  and 
lighter  than  ordinary  bone.  In  some  of  the  tertiary  strata,  their 
vessels  have  been  penetrated  by  hydrate  of  iron,  which  has  imparted 
to  them  weight  and  durability  and  a  dark  brown  tinge.  The 
saurian  bones  found  in  the  wealden,  are  usually  in  the  above  con- 
dition. In  the  calcareous  rocks  they  are  penetrated  by  carbonate  of 
lime. 

Professor  Goppert,  of  Breslau,  has  recently  made  some  very 
interesting  and  successful  experiments  on  the  mineralization  of 
organic  bodies,  by  steeping  animal  and  vegetable  substances  in  cal- 
careous, siliceous,  and  metallic  solutions,  and  has  thus  established 
the  fact,  that,  under  favourable  circumstances,  the  process  may  be 
effected  in  a  much  shorter  time  than  was  previously  supposed.  He 
succeeded  in  producing,  by  these  experiments,  imitative  fossils. 
Layers  of  soft  clay,  enclosing  recent  ferns,  were  slowly  dried  in  the 
shade,  and  then  gradually  heated  till  red  hot ;  according  to  the 
degree  of  heat,  the  plants  were  reduced  to  a  brown  or  perfectly 
carbonized  state,  in  some  instances  they  were  black  and  shiny, 
closely  adhering  to  the  clay.  By  continuing  the  red  heat  till  all  the 
vegetable  matter  was  destroyed,  an  impression  of  the  plant  only 
remained. 

Plants  were  steeped  in  solutions  of  sulphate  of  iron  for  several 
days,  dried  and  heated  till  every  trace  of  organic  matter  had  disap- 
peared, and  the  oxide  of  iron  thus  produced  assumed  the  form  of 
the  plant.  The  same  process  was  applied  to  thin  slices  of  fir,  and 
oxide  of  iron  was  formed,  retaining  the  forms  of  the  vessels  by 
which  this  tribe  of  plants  is  distinguished. 

In  these  experiments,  the  organic  matter  was  destroyed  by  heat: 
but  in  the  process  of  mineralization,  which  takes  place  in  the  labor- 
atory of  nature,  it  is  effected  by  the  slower  mode  of  decomposition, 
by  which  the  animal  or  vegetable  substance  is  resolved  into  its 
elements,  hydrogen,  carbon,  and  oxygen. 

These  elements,  Dr.  Turner  has  observed,  are  set  free  in  what 
chemists  call  a  nascent  state,  a  state  peculiarly  adapting  them  to 
enter  into  new  combinations,  probably  from  the  extreme  minute- 
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neas  of  their  constituent  atoms ;  so  that  if  water,  holding  mineral 
ingredients  in  solution,  comes  in  contact  with  elements  in  this 
state,  a  mutual  reaction  takes  place,  solid  particles  are  precipitated 
and  occupy  the  place  of  the  decomposed  organic  matter. 

We  know  that  the  water  percolating  the  crust  of  the  earth 
holds  in  solution  a  small  proportion  of  various  earthy  and  mineral 
matters,  particularly  carbonate  of  lime.  With  regard  to  silicifica* 
tion,  it  may  in  some  cases,  particularly  in  volcanic  regions,  have 
been  produced  by  thermal  springs,  which  alone  are  copiously 
charged  with  it,  but  Dr.  Turner  has  shown  that,  during  the  decom- 
position of  felspar,  a  great  quantity  of  silex  is  set  free,  under 
circumstances  which  render  it  soluble  in  water,  both  because  it  is 
combined  with  potassa,  and  because  it  is  in  a  nascent  state,  and 
that  thus  a  large  amount  of  silica  may  be  communicated  to  the 
waters  of  the  ocean,  which  they  may  again  part  with  during  the 
process  of  petrifaction. 
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Lithological  and  zoological  characters  of  the  tertiary  rocks. — Divi- 
sions  and  nomenclature  of  Mr.  Lyell — eocene — miocene — older 
and  newer  pliocene. — Eocene  deposits  of  the  Paris  basin— fossil 
contents — subdivision  of  Cuvier  and  Brongniart — only  locally 
true. — iMcustrine  strata  of  Auvergne-^-proofs  of  slow  accumu- 
lation.— Tertiary  strata  resembling  secondary  rocks. — Ei^lish 
eocene  deposits — London  clay — organic  remains — Bagshot  sand 
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SfftionyfM.  Saperior  Order,  Conybeare;  Supracretaceons  Group,  De  la  Beche; 
Newer  and  Older  Pliocene,  Miocene,  and  Eocene,  Lyell.  Terti'drffebilde,  Grcnnan. 
Terrmns  de  Sediment  Supirieur^  French. 

The  tertiary  strata  are,  on  the  whole,  distinguished  from  the 
secondary  by  their  lithological  characters ;  they  are,  for  the  most 
part,  less  consolidated,  consisting  of  beds  of  gravel,  clay,  incoherent 
sand,  or  friable  sandstone,  but  this  character  is  not  constant ;  for 
there  are  some  tertiary  strata,  particularly  of  limestone,  which  are 
as  solid  as  any  of  the  secondary  rocks ;  and  Mr.  Lyell  has  pointed 
out  many  instances  of  tertiary  beds  possessing  the  mineral  charao- 
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tcrs  which  were  at  one  time  considered  peculiar  characteristics  of 
older  strata. 

The  difference  between  the  organic  remains  of  the  secondary  and 
tertiary  epochs  is  still  more  decided.  No  species  of  shells  is  known 
common  to  the  cretaceous  group  and  the  oldest  members  of  the 
tertiary  class. 

Even  many  of  the  genera  are  widely  different ;  chambered  uni- 
valves belonging  to  cephalopodous  molluscs  of  the  genera  nautilus, 
ammonites,  scaphites,  and  baculites,  which  prevailed  in  the  oolitic 
and  cretaceous  systems,  are  replaced  in  the  tertiary  formations  by 
gasteropoda  of  the  genera  cyproea,  conus,  voluta,  strombus,  murex, 
fusus,  cerithium,  mitra,  and  pleurotoma,  genera  which,  in  the  exist- 
ing seas,  are  the  richest  in  species. 

According  to  the  recent  researches  of  M.  Agassiz,  the  fossil  fishes 
of  the  tertiary  era  are  equally  characteristic.  A  large  portion  of  the 
genera  of  the  ctenoid  and  cycloid  orders,  which  commenced  in  the 
cretaceous  era,  expired  with  it,  and  new  genera  of  those  orders  were 
introduced  during  the  tertiary  era,  approaching  more  to  the  charac- 
ters of  living  fishes;  but  not  a  single  tertiary  species  has  been 
obtained  identical  with  any  now  living,  and  the  greater  part  of  the 
European  fishes  of  that  epoch  resemble  forms  now  confined  to  the 
tropics. 

The  supracretaceous  strata  are  further  distinguished  by  the 
absence  of  those  strange  and  gigantic  saurian  forms  to  which  we 
have  before  alluded,  as  flourishing  during  the  oolitic  period ;  for  the 
tertiary  saurians  differed  but  little  from  existing  crocodiles  and 
alligators. 

In  the  tertiary  marine  beds  the  remains  of  cetacea,  or  marine 
mammalia,  are  first  met  with,  and  some  of  the  deposits  of  the  same 
era  abound  in  the  remains  of  large  terrestrial  mammalia. 

The  tertiary  strata  are  likewise  distinguished  from  the  secondary 
by  the  circumstances  under  which  they  appear  to  have  been  formed. 
From  the  secondary  strata  occurring  in  large  sheets  of  rock,  conti- 
nuous over  extensive  areas,  it  would  appear  that  while  they  were 
deposited  a  great  ocean  prevailed  over  most  of  the  northern  hemi- 
sphere ;  but  the  tertiary  strata  were  formed  after  the  European  seas 
had  become  divided  into  gulfs,  lagoons,  and  estuaries,  of  limited 
extent,  but  frequently  of  great  depth.  Strata  occur,  in  which  land 
and  freshwater  shells,  drifted  wood,  and  the  remains  of  terrestrial 
mammalia,  are  mingled  in  such  a  manner  as  to  indicate  their  form- 
ation in  estuaries,  into  which  large  rivers  flowed;  and  in  many 
cases  there  are  such  alternations  of  marine  and  fluviatile  deposits  as 
to  show  that  the  land^  during  this  period,  wa^  elevated,  and  sub- 


344  TERTIARY   SERIES. 

merged  more  than  once.  The  numerous  deposits  which  contain 
exclusively  terrestrial  remains  and  freshwater  shells  and  fishes, 
prove  that  the  continents  and  large  islands  of  the  tertiary  epoch 
were  extensively  covered  by  lakes. 

Thus,  by  mineral  and  zoological  characters,  the  tertiary  forma- 
tions are,  as  a  group,  well-defined,  and  easily  distinguished  from  the 
secondary  strata ;  but  the  local  and  independent  character  of  these 
insulated  deposits,  renders  it  extremely  difficult  to  form  them  into  a 
chronological  series;  since  the  cases  are  rare  in  which  one  set  of 
tertiary  beds  overlaps  another,  so  as  to  determine  their  different  ages 
by  the  evidence  of  superposition,  and  their  mineral  characters  are  of 
less  value  for  the  discrimination  of  different  members  of  the  system 
than  in  the  case  of  the  secondary  strata.     Clay,  sand,  and  gravel  are 
but  the  detritus  of  argillaceous,  calcareous,  and  siliceous  rocks, 
more  or  less  finely  comminuted ;  and  if  we  suppose  three  different 
contemporaneous  seas  of  limited  extent,  bounded,  one  by  quartz- 
ose   or    granitic   rocks,    another   by  argillaceous  schistus,   and   a 
third  by  limestone,  it  is  evident  that,  on  the  beds  of  these  seas  being 
laid  dry,  strata  of  sand  would  prevail  in  that  deposit  which  was 
bounded  by  quartzose  rocks,  clay  where  the  bounding  rocks  were 
argillaceous,  and  marl  where  the  limestone  was  sufficiently  abun- 
dant in  the  neighbourhood  to  afford  a  considerable  portion  of  calca- 
reous matter ;  or  if  three  rivers  charged,  one  with  siliceous,  another 
with  calcareous,  and  a  third  with  argillaceous  sediment,  should 
enter  the  same  gulf  or  inland  sea,  deposits  of  these  different  cha- 
racters would  prevail  in  the  vicinity  of  the  different  rivers,  and 
would  occasionally  alternate  with  one  another,  as  one  river  or  the 
other. happened  to  be  in  flood,  when  the  waters  of  the  others  were 
comparatively  low.     The  whole  would  produce  a  complex  contem- 
poraneous formation  of  different  mineral  characters,  in  which  it 
would  not  be  very  easy  to  establish  any  precise  order  of  superposition, 
almost  every  different  section  affording  a  different  series  of  strata. 
The  nature  of  the  deposits  would  also  be  influenced  by  the  velocity 
of  the  currents  transporting  detritus,  and  the  distance  to  which  it 
was  borne.     Gravel  would  be  deposited  near  the  shores,  and  where 
rapid  rivers  entered  the  still  water  sand  would  be  carried  further, 
and  marls  composed  of  the  most  finely  comminuted  matter  would 
be  transported  to  the  greatest  distance,  and  slowly  deposited  in  the 
deepest  parts.     These  mechanical  deposits  would  be  further  modi- 
fied by  the  admixture  of  waters  of  springs,  holding  calcareous  and 
siliceous  matter  in  solution,  which  would   precipitate  calcareous 
tuf&  and  travertins,  and  beds  of  siliceous  rock.     Thus,  the  mineral 
characters  of  the  tertiary  strata  may  be  relied  on  as  indications  of 
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the  sources  from  which  their  materials  were  derived,  and  of  the 
circumstances  under  which  they  were  formed,  but  not  as  indications 
of  the  epoch  of  their  formation.  It  is  chiefly,  therefore,  upon 
organic  remains,  that  we  must  rely  in  determining  the  relative  ages 
of  different  members  of  the  tertiary  series. 

Divisions  and  Nomenclature  of  Mr.  Lyell. 

Regarding  testacea  as  of  the  most  general  distribution,  and 
considering  the  remains  of  plants  and  vertebrated  animals  as  consisir 
ing  of  too  few  species,  and  confined  to  too  few  localities,  Mr.  Lyell 
has  arranged  the  tertiary  strata  under  four  divisions,  according  to 
the  proportional  quantity  of  shells  of  existing  species  found  in  them 
in  a  fossil  state. 

To  those  divisions  he  has  given  the  names  of  the  {Miocene  (newer 
and  older),  the  miocene,  and  the  eocene.  These  names  are  formed 
by  compounding  the  Greek  word  Kaivos^  recent^  with  TrXetwv,  more^ 
or  majority^  /icicov,  less^  or  minority^  and  eo)^,  the  datm ;  thus  indi- 
cating that  the  older  tertiary  strata  only  manifest  the  dawn  or 
commencement  of  existing  races, — that  in  the  middle  or  pliocene 
group,  these,  though  more  numerous  than  in  the  eocene,  constitute 
the  minority, — and  that  in  the  pliocene,  or  most  modern,  they  form 
the  majority  over  extinct  species. 

The  total  number  of  fossil  shells  known  in  the  tertiary  strata  are 
3036 ;  of  these,  777  are  found  in  the  pliocene,  1021  in  the  miocene, 
and  1238  in  the  eocene. 


The  newer  pliocene  strata  contwn  -  90  to  05 
The  older  pliocene  -  -  -  35  to  50 
The  miocene  -        -        -        -18 

The  eocene       -        -        -        -  34  to    5 


\ 


per  cent,  of 
recent  species. 


EocEXE  Strata. 

Tertiary  Formations  of  the  Paris  Basin.    Lacustrine  Formations  of 
Auveryne,     Basins  of  London  and  Hampshire. 

The  strata  of  the  eocene  epoch  were  the  first  tertiary  deposits 
that  attracted  the  attention  of  geologists.  Before  the  strata  of  the 
Paris  basin  had  been  investigated  by  Cuvier  and  Brongniart,  the 
tertiary  formations  were  passed  over  as  mere  superficial  sand  and 
gravel  unworthy  of  notice,  and  yet  they  afford  some  of  the  most 
interesting  phenomena  of  geology ;  they  occupy  a  large  portion  of 
the  surface  of  the  present  dry  land ;  they  throw  great  light  on  the 
distribution  of  land  and  water  during  an  epoch  which,  in  geological 
chronology,  is  comparatively  recent ;  they  furnish  us  with  an  assem- 
blage of  animals  and  plants,  more  varied  and  extensive  than  that 
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derived  from  the  secondary  formations,  and  approaching  more  to  the 
character  of  those  with  which  we  are  contemporary;  they  astonish 
and  delight  us  by  the  instances  afforded  by  them  of  the  many  curious 
variations  in  that  great  plan  of  organic  mechanism,  which  has  pre- 
vailed from  the  earliest  epochs  in  which  we  can  trace  any  signs  of 
the  existence  of  animal  and  vegetable  life,  up  to  that  creation  of 
which  the  human  race  forms  a  part.  By  the  evidence  they  affi>rd 
of  the  slow  progress  by  which  even  these  comparatively  modom 
deposits  have  been  elaborated,  they  furnish  us  with  proofs  of  the 
long  lapse  of  ages  employed  in  bringing  the  earth  into  its  present 
condition ;  they  draw  our  attention  to  a  state  of  things  approaching 
that  amidst  which  we  ourselves  live,  and  to  changes  such  as  are 
slowly  taking  place  around  us;  and  thus  they  teach  us,  in  our 
speculations  on  the  past,  to  advance  from  the  known  to  the  un- 
known, and  to  endeavour  to  account  for  ancient  changes  on  the 
earth's  surface  as  much  as  possible  by  the  operation  of  causes  now 
in  action,  only  having  recourse  to  unknown  causes  for  the  explana- 
tion of  residuary  phenomena,  which  it  is  clear  could  not  have  been 
produced  by  existing  forces  acting  with  existing  intensities,  however 
long  their  action  might  have  been  continued. 

The  formations  of  the  Paris  basin  consist  of  several  alternations 
of  marine  with  freshwater  strata,  from  the  latter  of  which  have 
been  derived  innumerable  bones  of  mammalia  of  extinct  genera  and 
species.  For  the  reconstruction  of  the  skeletons  of  these  unknown 
animals,  we  are  indebted  to  the  sagacity  of  Cuvier,  and  his  profound 
anatomical  knowledge.  He  has  described  in  glowing  language  the 
exciting  interest  experienced  by  him  while  occupied  in  this  great 
^ork,  and  has  at  the  same  time  explained  the  principles  upon  which 
it  proceeded.  "  Placed,**^  he  says,  "  in  the  midst  of  a  great  charnel- 
house,  surrounded  by  mutilated  fragments  of  many  hundred  skeletons 
of  more  than  twenty  kinds  of  animals,  piled  confusedly  around  me, 
the  task  assigned  me  was  to  restore  them  all  to  their  original  position. 
At  the  voice  of  comparative  anatomy,  every  bone,  and  fragment  of 
*  bone,  resumed  its  place.  I  cannot  find  words  to  express  the  plea- 
sure I  experienced  in  seeing,  as  I  discovered  one  character,  how  all 
^he  consequences  which  I  had  predicted  from  it  were  successively 
confirmed.  The  feet  were  found  in  accordance  with  the  characters 
announced  by  the  teeth ;  the  teeth  in  harmony  with  those  indicated 
beforehand  by  the  feet ;  the  bones  of  the  legs  and  thighs,  and  every 
connecting  portion  of  the  extremities,  were  found  set  together  pre- 
cisely as  I  had  arranged  them  before  my  conjectures  were  verified 
by  tile  discovery  of  the  parts  entire*."" 

♦  Ossemens  Fossilesj  Introduction. 
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Fossil  Contents. 

The  result  of  these  labours  was  the  discovery  in  the  Paris  basin 
of  nearly  fifty  extinct  species  of  mammalia,  most  of  them  belonging 
to  extinct  genera  of  the  order  pachydermata,  which  received  the 
names  of  palseotherium,  anoplotherium,  lophiodon,  anthracotherium, 
cheropotamus,  and  adapis. 

These  extinct  genera  approached  most  nearly  to  the  characters 
of  the  tapirs,  which  inhabit  the  warm  marshy  regions  of  South 
America  and  Africa;  but  they  had  other  points  of  resemblance, 
connecting  them  with  the  rhinoceros,  hippopotamus,  hog,  and  horse. 
The  adapis  appears  to  have  formed  a  link  between  the  pachydermata 
and  the  insectivorous  carnivora.  In  form  it  most  nearly  resembled 
a  hedge-hog,  but  was  three  times  the  size  of  that  animal.  The 
order  of  carnivora  was  represented  by  extinct  animals  of  the  genera 
to  which  belong  the  wolf,  fox,  bat,  the  coati,  a  genus  now  inhabiting 
the  warm  region  of  America,  and  the  genette,  which  now  ranges 
from  the  south  of  Europe  to  the  Cape  of  Good  Hope. 

Of  the  order  marsupialia  there  was  a  small  didelphys,  allied  to 
the  opossum  of  North  and  South  America ;  of  the  order  rodentia,  a 
dormouse  and  a  squirrel ;  of  birds,  nine  or  ten  species  of  the  genera, 
buzzard,  owl,  quail,  woodcock,  sea-lark,  curlew,  and  pelican, — all 
referrible  to  four  of  the  great  orders,  accipitres,  gallinaceso,  grallse, 
and  palmipedes,  out  of  the  six  into  which  the  existing  class  of  birds 
is  divided.  Even  the  eggs  of  aquatic  birds  have  been  preserved  in 
the  lacustrine  formation  of  Auvergne. 

Of  reptiles,  there  were  crocodiles  and  freshwater  tortoises,  of 
the  genera  emys  and  trionyx;  of  fishes,  Agassiz  has  determined  seven 
extinct  species  of  extinct  genera. 

Subdivisions, 

The  deposits  of  the  Paris  basin  fill  a  depression  in  the  chalk 
about  180  miles  long,  extending  from  north-east  to  south-west,  and 
about  ninety  miles  broad  in  its  widest  part.  This  depression  ap- 
pears to  have  been  a  gulf  running  deeply  into  the  land,  and  opening 
towards  the  north  mto  a  sea,  which  at  that  epoch  must  have  extended 
over  a  considerable  portion  of  the  north  of  Europe.  In  the  course 
of  their  researches,  Cuvier  and  Brongniart  discovered  that  the  strata 
above  the  chalk  were  not  all  marine,  but  that  beds  containing 
marine  remains  alternated  with  others  containing  land  and  fresh- 
water shells,  and  the  bones  of  terrestrial  quadrupeds ;  and  thus  they 
arrived  at  the  same  conclusion  which  had  been  attained  by  Smith 
from  the  examination  of  older  strata  in  England,  that  there  are 
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certain  fossilti  peculiar  to  certain  strata.     Tbej  grouped  the  beds 
above  the  chalk  in  the  following  order,  beginning  with  the  lowest : 

(Plastic  clay. 
Lignite. 
First  sandstone. 

2.  First  marine  formation     .  .  •     Calcaire  grossier. 

Siliceous  limestone. 

3.  Second  freshwater  formation  \  Gypsum  with  bones  of  animals. 

Freshwater  marls. 
Gypseous  marine  marls. 

4.  Second  marine  formation  .  .  ^  Upper  marine  sands,  and 

Sandstones. 

r    mi  •   1  r     I      X     i»        A'         f  Upper  freshwater  marls,  and 

5.  Third  freshwater  formation  .  <       \ •       , 

[       Innestone. 

The  following  are  the  characters  of  these  formations :  Plastic 
day^  so  called  because  used  in  the  potteries,  of  various  colours, — 
white,  gray,  yellow,  and  red, — ^is  of  variable  thickness,  and  rests 
sometimes  on  the  chalk,  sometimes  on  a  layer  of  broken  flints,  or 
angular  fragments  of  chalk  cemented  into  a  breccia.  It  contains 
lignites,  amber,  and  shells,  both  freshwater  and  marine. 

Calcaire  Grossier.  A  coarse  limestone,  sufficiently  hard  to  be 
used  as  a  building  stone.  It  is  often  separated  from  the  plastic 
clay  by  a  bed  of  sand.  This  formation  is  characterized  by  the 
abundance  of  its  fossils,  which  are  chiefly  marine.  Different  groups 
of  fossils  are  said  to  prevail  in  the  upper,  middle,  and  lower  parts  of 
the  bed. 

The  greater  part  of  the  shells,  characteristic  of  the  Paris  basin, 
are  found  in  this  formation  imbedded  in  a  calcareous  sand,  composed 
chiefly  of  broken  shells;  land,  freshwater,  and  marine  sliells  being 
mingled  together.  The  marine  shells,  some  of  which  may  have 
lived  on  the  spot,  are  characterized  by  the  great  proportion  of  species 
of  cerithium,  a  genus  which  inhabits  estuaries  near  the  mouths  of 
rivers. 

Siliceous  Limestone^  Calcaire  Silicetix.  A  cellular  limestone, 
sometimes  white  and  soft,  sometimes  hard  and  compact,  like  a  pre- 
cipitate from  mineral  springs.  It  is  penetrated  by  silex,  infiltrated 
in  every  direction.  The  sides  of  the  cells  are  coated  Avith  mammil- 
lary  concretions,  or  small  transparent  crystals  of  quartz. 

Osseous  Gypsum  and  Marine  Marls.  The  gypseous  rocks  con- 
sist of  an  alternation  of  g}'psum  with  white  and  green  calcareous 
and  argillaceous  marls.  Above  this  are  thick  beds  of  the  same  kind 
of  marls,  containing  limnese  and  planorbes  (freshwater  shells),  and 
prostrate  trunks  of  palm  trees.    The  gypseous  strata  contain  the 
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remains  of  the  extinct  genera  of  mammalia  before  enumerated. 
Above  these,  are  marls  containing  marine  shells,  and  among  others, 
a  bed  of  oysters,  which  are  considered  to  have  lived  on  the  spot. 

Upper  Marine  Sands  and  Sandstones.  These  are  composed  of 
irregular  beds  of  sandstone.  In  the  lower  portion,  organic  remains 
are  very  rare,  and  broken.  These  are  succeeded  in  many  places,  by 
a  limestone,  sandstone,  or  calcareoHsiliceous  rock,  abounding  in 
marine  remains  of  the  genera  oliva,  fusus,  cerithium,  solarium, 
melania,  pectunculus,  crassatella,  donax,  cytherea,  corbula,  and 
ostrea. 

Upper  Freshwater  Formation.  Sometimes  composed  of  white 
friable  calcareous  marls,  at  others  of  different  siliceous  compounds, 
some  of  which  are  used  as  millstones.  In  some  places  it  is  destitute 
of  shells,  in  others  linmese,  planorbes,  and  helices,  abound  in  it, 
together  with  silicified  wood,  and  the  seeds  of  the  chara,  once  con- 
sidered fossil  shells,  and  named  gyrogonites.  Cuvier  and  Brongniart 
supposed  that  these  alternations  had  been  occasioned  by  repeated 
irruptions  and  retreats  of  the  ocean,  and  that  these  were  the  last 
strata  deposited  between  the  chalk  and  the  present  state  of  things ; 
and  that  the  bones  of  the  elephant,  rhinoceros,  and  hippopotamus 
were  only  found  in  superficial  gravel,  called  diluvium,  the  formation 
of  which  was  at  that  time  attributed  to  a  general  and  violent  deluge 
within  the  historic  era.  Extensive  generalizations  from  local  and 
insulated  facts,  are  not  unfrequent  in  the  history  of  geology,  and 
instances  of  them  might  be  pointed  out  in  other  sciences,  during 
the  progress  of  their  early  career.  They  arise  out  of  our  eagerness 
to  arrive  at  conclusions,  and  our  impatience  of  unconnected  details. 
We  can  scarcely  be  surprised  that  in  the  present  case  they  were 
somewhat  hastily  adopted;  and  that,  for  a  time,  attempts  were 
made  to  identify  every  tertiary  formation,  wherever  found,  with 
some  member  of  the  deposits  of  the  Paris  basin.  These  opinions, 
however,  have  yielded  before  a  greater  accumulation  of  facts.  It 
now  appears  that  the  remains  of  elephants,  which  were  supposed  to 
be  confined  to  the  erratic  block  group,  occur  in  numerous  detached 
marine  and  lacustrine  deposits,  under  such  circumstances  as  to 
indicate  gradual  accumulation,  and  they  have,  in  some  situations^ 
been  found  mixed  with  the  remains  of  the  extinct  genera  of  the 
Paris  basin  ;  thus  proving  the  existence  of  more  than  one  tertiary 
epoch  of  long  continuance,  and  indicating  a  gradual  passage  from 
one  to  the  other. 

Cutter's  Order  of  Succession  only  locally  trm. 
It  has  been  shown,  moreover,  by  M.  Constant  de  Prevost,  and 


350  EOCEXB  STRATA. 

other  geologists,  that  not  only  the  theories  adopted  hy  Cnvie?  and 
Brongniart,  to  account  for  the  alternations  of  marine  and  freshwater 
strata  in  the  Paris  hasin,  required  modification,  hut  that  the  order 
of  succession  established  by  them  for  the  different  deposits,  was  only 
locally  true,  and  that  the  formations  1,  2,  8,  viz.  the  plastic  clay,  the 
calcaire  grossier,  the  siliceous  limestone  and  the  ossiferous  gypsum, 
instead  of  being  successive  deposits,  were  divisible  into  four  nearly 
contemporaneous  groups.     The  plastic  clay,  instead  of  being  con- 
fined, as  was  at  first  supposed,  to  the  lower  part  of  the  formation, 
alternates  with  the  calcaire  grossier ;  is  repeated,  with  its  fresh- 
water  shells,   in   the  middle  of  that   limestone,   at  Veaugirard, 
Bagneux,  and  other  places,  and  is  to  be  seen  in  a  recent  section 
near  Paris,  in  the  still  higher  parts  of  it.     The  calcaire  siliceux, 
and  the  calcaire  grossier,  occupy  distinct  parts  of  the  basin,  the  ono 
being  most  largely  developed  where  the  other  is  of  slight  thickneas. 
They  also  alternate  with  each  other  towards  the  centre  of  the  basin. 
The  gypsum,  with  its  associated  marls,  which  was  supposed  to  be 
entirely  subsequent  to  the  calcaire  grossier,  and  calcaire  siliceux, 
alternates  repeatedly  in  some  places  with  the  calcaire  siliceux,  and 
in  others  with  the  upper  members  of  the  calcaire  grossier ;  and  the 
gypsum  and  marls  attain  the  greatest  thickness  where  the  two  other 
groups    are    less  fully  developed.     These  circum^nces  seem  to 
imply  a  gulf  open  towards  the  north,  and  fed  by  three  rivers,  one 
charged  with  argillaceous  sediment,  the  others  holding  in  solution 
sulphate  and  carbonate  of  lime  and  silica.     With  such  solutions, 
the  waters  of  rivers  in  volcanic  countries  are  often  charged.     The 
marine  calcaire  grossier  is  in  greatest  force  towards  the  north,  and 
the  freshwater  calcaire  siliceux  towards  the  south.     Towards  the 
south,  we  shall  presently  see  there  existed  during  this  epoch  a  chain 
of  lakes  connected  with  extinct  volcanos,  the  drainage  of  which 
liydrographical  basin  might  very  easily  have  been  into  the  gulf  in 
which  the  Parisian  strata  were  deposited;  and  we  shall  also  see 
that  the  basins  in  which  these  ancient  lakes  existed  contain  calca- 
reous, siliceous,  and  gypseous  strata,  precisely  similar  to  the  fresh- 
water deposits  of  the  Paris  basin.     In  that  basin,  the  gypseous 
deposit  is  most  largely  developed  towards  the  centre,  and  M.  Prevost, 
therefore,  supposes  it  to  have  been  precipitated  from  a  river  flowing 
from  the  east ;  on  which  Mr.  Lyell  observes,  that  "  if  the  gypsum, 
and  associated  white  and  green  marls  of  Montmartre,  were  derived 
from  a  hydrographieal  basin  distinct  from  that  of  the  southern  chain 
of  lakes,  this  basin  must  nevertheless  have  been  placed  under  cir- 
cumstances extremely  similar ;  for  the  identity  of  the  rocks  of  Velay 
and  Auvergne  with  the  freshwater  group  of  Montmartre  is  such  as 
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can  scarcely  be  appreciated  by  those  geologists  who  have  not  care- 
fully examined  the  two  countries*.^' 

Though  the  conditions  above  supposed,  of  an  estuary  fed  by 
several  rivers,  appear  to  explain  the  alternations  of  the  marine  and 
freshwater  deposits,  called  by  Cuvier  the  first  and  second  fresh- 
water and  the  first  marine  formations,  yet  the  products  of  the  sea 
predominate  exclusively  during  the  second  or  upper  marine  group. 
It  seems,  therefore,  necessary  to  have  recourse  to  a  subsidence  of  the 
land  to  account  for  the  position  of  these  marine  sands,  the  lower 
parts  of  which  contain  only  a  few  broken  shells  that  appear  to  have 
been  transported  from  a  distance,  and  thus  indicate  the  action  of 
water,  moving  with  sufficient  velocity  to  transport  sand,  and  to 
deposit  it  over  a  considerable  space ;  after  which,  the  cause  which 
prevented  the  envelopment  of  organic  remains  ceased,  and  marine 
remains  were  imbedded  in  considerable  quantity.  The  temporary 
and  alternate  prevalence  in  the  estuary  of  the  sea  or  river,  may  have 
been  occasioned  by  slight  oscillations  of  the  land ;  after  which,  a 
greater  subsidence  may  have  covered  with  sea  a  spot  previously 
occupied  by  fresh  water.  Calcareous  boulders,  derived  from  the 
calcaire  grossier,  containing  its  peculiar  fossils,  and  perforated  by 
boring  testacea,  have  been  found  in  the  upper  marine  sandstone, 
thus  proving,  that  during  the  eocene  period  the  calcaire  grossier  in 
some  part  of  the  basin  was  exposed  to  denuding  causes.  To  crown 
the  whole,  we  have,  on  these  marine  deposits,  the  upper  freshwater 
formation,  a  deposit  of  marls  and  siliceous  strata,  (such  as  we  shall 
presently  see  were  formed  in^  some  of  the  lakes  we  have  before 
alluded  to,)  containing  plants,  which  exist  only  on  dry  land,  in 
fresh  water,  and  in  marshy  places ;  and  thus  we  have  indications  that 
after  the  estuary  wa«  silted  up  by  the  sands  of  the  upper  marine 
formation,  a  series  of  pools  existed  like  those  which  frequently 
occupy  the  newest  parts  of  a  delta,  and  which  were  fed  by  springs 
holding  siliceous  matter  in  solution. 

Lacuitrine  Deposits  of  Central  France* 

We  will  now  proceed  to  the  consideration  of  that  group  of 
lacustrine  strata  of  the  eocene  epoch  lying  to  the  south  of  the  Paris 
basin,  to  which  we  have  just  alluded,  as  exhibiting  many  points  of 
analogy  with  that  formation,  both  in  mineral  composition  and 
organic  remains,  and  as  tending  to  elucidate  the  circumstances  under 
which  it  was  formed.  These  deposits  are  situated  in  the  districts 
of  Auvergne,  Velay,  and  Cantal.  The  largest  of  these  ancient 
lacustrine  basins  is  that  of  Auvergne,  about  one  hundred  miles  long, 

•  Lt£Ll*8  Prindplet  of  Geology ^  4th  ed.,  vol.  iv.,  p.  185. 
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and  twenty  broad,  occupying  the  valley  of  the  AUier  above  its 
junction  with  the  Loire. 

The  boundaries  of  the  ancient  lake,  which  consist  of  primary 
rocks,  are  observable  towards  the  south,  east,  and  west,  but  not 
towards  the  north,  where  the  local  disturbances,  of  which  there  are 
abundant  evidence  in  the  inclined  position  of  some  of  the  strata, 
have  removed  all  traces  of  them.  The  upper  part  of  the  Loire  flows 
through  the  lacustrine  district  of  Velay,  and  that  of  Cantal  lies  a 
little  to  the  south-west  of  Auvergne.  The  same  general  characters 
pervade  the  freshwater  deposits  of  all  these  three  districts;  they 
may  be  divided  into  two  groups,  the  one  consisting  of  gravel  and 
arenaceous  strata,  the  detritus  of  the  neighbouring  primary  rocks, 
the  other  consisting  of  finely  laminated  siliceous  and  calcareous 
marls,  associated  with  limestone  and  regular  beds  of  silex,  such  as 
would  be  precipitated  from  springs  charged  with  carbonate  and  sul- 
phate of  lime  and  silica. 

The  coarser  detrital  matter  is  confined  to  the  margins  of  the 
lakes,  not  always  encircling  them  in  a  continuous  band,  but  dis- 
posed in  the  form  of  those  independent  deltas,  observable  where 
rapid  streams  enter  the  water  of  existing  lakes.  The  finer  detrital 
matters,  namely,  the  siliceous  and  calcareous  marls,  occupy  the 
central  parts  of  the  basin,  having  the  limestone,  gypsum,  and 
siliceous  rock  subordinate  to  them,  and  generally  confined  to  their 
upper  part. 

This  latter  circumstance  is  of  importance,  in  indicating  thermal 
springs  as  the  source  whence  these  calcareous,  siliceous,  and  g^'p- 
seous  strata  were  derived,  for  these  deposits  are  precipitated  most 
abundantly  in  those  regions  where  volcanic  forces  are  in  activity, 
and  these  ancient  lakes  are  connected  with  a  system  of  extinct 
volcanos,  which  it  is  evident  had  not  come  into  action  when  the 
basins  began  to  be  filled  with  sedimentary  deposits,  because  the 
gravel  contains  no  pebbles  of  lava,  and  because,  in  the  districts  of 
Cantal  and  Velay,  no  traces  of  volcanic  tuffs  are  found  alternating 
with  the  freshwater  strata;  while  in  the  basin  of  Auvergne,  a 
few  partial  alternations  only  are  confined  to  the  upper  part  of  the 
series. 

Not  only  do  the  gypseous  and  siliceous  deposits  of  these  lakes 
agree  in  mineral  character  with  those  of  the  Paris  basin,  but  they 
have  afforded  bones  of  several  mammifcrous  quadrupeds  of  the  same 
genera  as  those  by  which  they  are  characterized,  as  also  gyragonites, 
or  seed-vessels  of  the  chara,  and  land  and  freshwater  shells,  all  of 
eocene  species.  Beneath  the  lavas  of  some  of  the  extinct  volcanos 
of  this  district,  are  several  accumulations  of  alluvium,  at  different 
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heights  above  the  river,  containing  bones  of  the  elephant,  mastodon, 
hippopotamus,  rhinoceros,  tapir,  horse,  boar,  felis,  hysena,  beaver, 
otter,  hare,  water-rat,  deer,  and  ox,  thus  proving  that  volcanic  action, 
which  commenced  on  this  spot  during  the  eocene  era,  continued 
through  the  miocene,  and  perhaps  a  later  period. 

Proofs  of  Slow  Acci$mulation.  These  lacustrine  deposits  afford 
some  curious  proofs  cf  the  slow  and  gradual  process  by  which  they 
were  accumulated,  and  of  the  myriads  of  insects  and  molluscs  which 
have  contributed  their  exuviae  to  the  formation  of  rocks.  The 
thickness  of  the  green  and  white  marls  of  Auvergne,  is  in  some 
places  seven  hundred  feet.  They  are  thinly  laminated,  the  lamina- 
tion being  caused  by  numerous  plates,  or  scales,  of  a  small  fresh- 
water crustacean,  called  cypris ;  some  of  the  recent  species  of  which 
abound  in  our  stagnant  pools  and  ditches.  A  form  of  limestone 
also  occurs,  called  indusial,  from  its  containing  immense  num- 
bers of  the  indusise,  or  cases  of  the  larvse  of  phryganesD,  insects 
the  living  species  of  which  may  also  be  observed  in  our  ponds,  and 
which  have  the  power  of  fixing  small  freshwater  shells  to  the  out- 
side of  their  tubular  cases.  More  than  a  hundred  shells  of  a  small 
species  of  paludina  have  been  counted  on  one  tube  of  a  large 
species  of  pbryganea,  which  abounds  in  the  eocene  lakes  of 
Auvergne;  and  strata  of  indusial  limestone,  each  six  feet  thick, 
which  may  be  traced  over  a  considerable  area,  are  almost  wholly 
composed  of  these  tubes  enveloped  in  travertin,  so  many  as  ten  or 
twelve  occurring  in  a  cubic  inch.  In  the  foliated  marls  of  the 
Cantal,  the  laminse,  to  the  depth  of  sixty  feet,  are  so  thin,  that 
thirty  are  sometimes  contained  in  the  thickness  of  an  inch,  in  each 
of  which  are  preserved  the  flattened  stems  of  the  chara,  or  other 
plants,  and  sometimes  numbers  of  small  freshwater  shells. 

Tertiary  Strata  resemblinff  Secondary  Rocks.  We  must  not 
quit  these  lacustrine  deposits,  without  observing  that  they  afford 
several  instances  of  tertiary  strata,  possessing  all  those  mineral 
characters  which  were  at  one  time  considered  sufficient  to  identify 
certain  members  of  the  secondary  series. 

Associated  with  the  marls  of  Auvergne,  and  graduating  upwards 
into  strata  containing  eocene  fossils,  are  strata  undistinguishable 
from  the  new  red  sandstone  of  England.  Mr.  Lyell  considers  them 
to  have  been  derived  from  the  detritus  of  the  gneiss  and  mica 
schists  of  the  primary  strata  bounding  the  tertiary  basin,  some  of 
which  decompose  into  a  very  similar  soil. 

An  oolitic  limestone  occurs  in  another  part  of  the  basin,  which 
bears  a  close  resemblance  to  the  Bath  freestone ;  but  the  most 
remarkable  instance  of  the  kind,  is  a  freshwater  limestone  undistin- 
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guishable  by  mineralogical  characters  from  the  chalk  of  England, 
and  containing  layers  and  nodules  of  flint,  which  appear  to  have 
separated  from  the  matrix  after  the  calcareous  and  siliceous  matter 
had  been  blended,  the  limestone  sometimes  filling  sinuous  cavities 
in  the  flint,  and  the  flinty  nodules  being  often  as  irregular  in  their 
form  as  those  of  the  English  chalk.  This  freshwater  limestone  lies 
upon  the  granitic  rocks,  and  as  the  true  chalk  sometimes  occurs  under 
similar  circumstances,  there  is  nothing  in  the  order  of  superposition 
which  can  enable  us  to  decide  the  epoch  of  this  formation.  Its 
organic  remains,  however,  show  that  it  belongs  to  the  eocene  era. 

Instead  of  marine  sponges,  of  the  cretaceous  epoch,  the  nodules 
of  flint  contain  silicified  seeds  of  the  chara,  a  plant  that  grows  at 
the  bottom  of  freshwater  lakes,  and  instead  of  echini  and  marine 
testacea  of  the  chalk,  the  freshwater  limestone  contains  lacustrine 
testacea  identical,  like  the  seed-vessels  of  the  chara,  with  eocene 
species.  These  instances  are  valuable  as  lessons  not  to  rely  too 
implicitly  on  lithological  characters  in  determining  the  age  of  rocks, 
and  as  pointing  out  thermal  springs  as  one  of  the  sources  from 
which  the  cretaceous  strata  may  have  been  derived. 

English  Eocene  Strata. 

London  Clay, 

The  English  equivalents  of  the  strata  of  the  Paris  basin,  are 
the  London  clay,  the  Bagshot  sands,  and  the  freshwater  strata  of 
the  Isle  of  Wight.  The  term  basin,  so  commonly  applied,  though 
seldom  with  much  propriety,  to  insulated  tertiary  formations,  is 
particularly  inapplicable  to  those  supracretaceous  districts,  known 
by  the  names  of  the  London  and  Hampshire  basins;  because  there 
is  little  doubt  that,  although  now  separated  by  an  intervening  ridge 
of  chalk,  they  are  portions  of  a  deposit  which  was  once  continuous. 

The  so-called  basin  of  London  derives  its  name  from  the  subsoil 
of  the  neighbourhood  of  the  English  metropolis  being  composed  of 
a  blue  clay,  containing  marine  remains  analogous  to  those  of  the 
Paris  basin.  The  London  clay,  in  which  term  we  include  the 
lower  part  of  the  deposit,  generally  separated  from  it  under  the 
name  of  the  plastic  clay,  occupies  a  large  portion  of  the  county  of 
Suffolk,  nearly  the  whole  of  Essex,  the  whole  of  Middlesex,  and 
portions  of  the  counties  of  Berks,  Surrey,  and  Kent. 

The  Hampshire  basin  extends  along  the  coast,  from  Brighton  on 
the  east  to  near  Poole  on  the  west,  its  boundary  ranging  thence 
inland  by  Dorchester  and  Salisbury  to  Houghton  Hill,  its  extreme 
point  on  the  north,  and  thence  south-east  to  its  eastern  termination 
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at  Brighton.     It  also  comprraes  a  large  portion  of  the  northern  part 
of  the  Isle  of  Wight. 

The  strata  of  the  Paris  basin  appear  to  have  been  deposited  in  a 
depression  in  the  chalk,  previously  formed  by  some  movement  of 
upheavement.  The  strata  of  the  same  epoch  in  England  are  con* 
formable  to  the  clialk,  and  have  partaken  of  the  movements  to  which 
it  has  been  subject.  Except  in  Alum  Bay,  where  the  London' day 
has  been  thrown  into  a  vertical  position,  they  deviate  but  slightly 
from  the  horizontal.  From  the  occurrence  of  outlying  masses  of 
this  formation,  at  a  distance  from  the  main  body,  and  at  consider- 
able heights  on  the  chalk.  Dr.  Buckland  has  concluded,  not  only 
that  the  strata  of  the  London  and  Hampshire  basins  were  once  a 
continuous  deposit,  but  even  that  it  extended  over  the  plains  of 
Salisbury,  Andover,  and  Basingstoke,  and  that  it  has  been  stripped 
oiFthe  chalk  by  denudation. 

With  respect  to  mineral  character,  the  London  clay  may  be 
described  as  a  formation  consisting  of  a  series  of  clays  above,  and  of 
sands  and  shingle  below.  This  formation  has  been  subdivided  into 
the  London  clay  and  the  plastic  clay,  the  former  name  being  applied 
to  the  upper  parts  of  the  series,  the  latter  to  the  lower.  This  sub- 
division arose  out  of  the  opinion  which  prevailed  after  the  descrip- 
tion of  the  Parisian  supracretaceous  strata  by  Cuvier  and  Brongniart, 
that  these  strata  formed  the  type  to  which  all  tertiary  formations 
must  be  referred. 

The  attempt  to  establish  an  identity  between  the  details  of  two 
contiguous  groups  like  these,  possessing  the  same  zoological  cha- 
racter, was  more  excusable  than  in  some  other  cases  where  the 
intervening  distances  were  greater  and  the  analogies  more  remote. 
This  subdivision  of  the  London  clay,  however,  is  perfectly  arbitrary; 
but  if  the  subdivision  had  been  necessary,  nothing  could  be  more 
unhappy  than  the  name  of  plastic  clatfy  applied  to  the  lower  part  of 
the  series,  which  consists,  almost  wholly,  of  beds  of  sand  of  various 
colours  and  of  shingle,  the  clay  only  occurring  in  layers  subordinate 
to  the  shingly  and  sandy  masses. 

The  upper  portion  of  the  London  clay  is  a  tough  bluish  or 
blackish  clay,  sometimes  slightly  calcareous,  rarely  passing  into 
calcareous  or  siliceous  sandstone,  as  at  Bognor  rocks,  or  into  a 
stratified  limestone,  as  in  the  cliff  at  Harwich.  Concretions  of 
argillaceous  limestone,  of  an  ovate  form,  traversed  by  intersecting 
fissures  filled  with  calcareous  spar,  and  thence  called  septaria,  occur 
in  the  clay,  both  as  detached  nodules  and  in  layers.  Crystals  of 
selenite  are  found  in  it,  and  most  of  its  fossils  are  mineralized  by 
sulphuret  of  iron. 
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Organic  Bemaint  of  the  London  Clay.  This  deposit  contains 
remains  of  tortoises,  crocodiles,  crabs,  fishes,  and  marine  shells  in 
great  abundance,  consisting  chiefly  of  the  genera  voluta,  rostellaria, 
fusus,  cassidaria,  ancellaria,  buccinum,  pleurotoma,  cyprsea,  conusi 
oerithium,  terebellom,  and  turritella,  all  existing  genera  of  univalyes, 
though  most  of  the  species  are  extinct  (176 — 181).  Out  of  400 
marine  shells,  from  the  London  clay,  recently  examined  by  Mr. 
Lydl  and  Mr.  G.  Sowerby,'scarcely  two  per  cent,  proved  identical  with 
living  species.  A  nautilus  (182),  resembling  nautilus  pompilius  of 
the  Indian  Seas,  is  also  common,  but  no  ammonites  and  belemnites, 
so  abundant  in  the  chalk.  Terebratulae  and  echinida  are  rare,  as 
are  likewise  zoophyta.  Considerable  portions  of  the  trunks  of  trees 
are  found  in  it,  often  perforated  by  teredines,  which  shows  that  they 
must  have  been  floating  some  time  in  the  sea,  but  land  must  have 
existed  at  no  great  distance  to  have  supplied  the  fruits  of  a  tropical 
aspect  allied  to  cocoa  nuts  and  other  palms,  which  are  found  in  such 
abundance  in  the  elitb  of  the  Isle  of  Sheppey.  The  remains  of 
crocodiles  and  turtles  also  prove  the  existence  of  some  neighbouring 
continent  or  island,  to  which  these  oviparous  reptiles  could  have 
resorted  for  the  purpose  of  depositing  their  eggs.  Among  the  v^e- 
table  remains  of  this  formation  must  be  enumerated  copal  or  fossil 
resin,  sometimes  met  with  in  small  nodules.  ^^..Qipmic  remains  are 
rare  in  the  lower  part  of  the  series ;  when  they  ocS^S^^ey  consist 
chiefly  of  the  genera  murex,  cerithium,  turritella,  and  osul^B^  * 
slight  admixture  of  the  fluviatile  genera  planorbis  and^^Vt 
Seams  of  lignite  occasionally  occur.  ^^^ 

Bones  of  mammalia  were  till  lately  unknown  in  the  London  clay,^ 
but  some  remains  found  in  that  deposit  near  Woodbridge,  in 
Suflblk,  have  been  identified  by  Mr.  Owen  as  the  tooth  and  part  of 
the  jaw  of  a  monkey,  part  of  the  jaw  of  an  opossum,  and  the  teeth 
of  a  bat.  He  has  also  described  the  skull  of  a  new  and  extinct 
genus  of  pachyderm,  from  the  London  clay  of  Heme  Bay,  inter- 
mediate in  character  between  the  hyrax,  hog,  and  chaeropotamus, 
to  which  he  has  given  the  name  of  hyracotherium. 

The  same  eminent  anatomist  has  detected  among  the  fossils  of 
the  London  clay,  from  the  Isle  of  Sheppey,  in  the  Hunterian  collec- 
tion of  the  College  of  Surgeons,  and  in  the  cabinets  of  Mr.  Bower- 
bank,  the  sternum  and  vertebrae  of  a  bird  allied  to  the  vultures, 
but  of  a  smaller  size  than  any  living  species,  and  the  vertebrae  and 
ribs  of  a  serpent  allied  to  the  boas  and  pythons,  which  must  have 
been  ten  or  eleven  feet  long.  "  Serpents  of  similar  dimensions,  Mr. 
Owen  observes,  exist  in  the  present  day  only  in  tropical  regions, 
and  their  food  consists  principally  of  warm-blooded  animals,  and  he 
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therefore  declares,  that  had  no  evidence  been  obtained  of  birds  or 
mammalia  in  the  London  clay,  he  would  have  felt  persuaded  that 
they  must  have  coexisted  with  these  fossil  serpents*.^ 

These  remains,  therefore,  of  the  inhabitants  of  the  land,  mon- 
keys, large  serpents,  and  vultures,  corroborate  the  inferences  as  to 
the  high  temperature  of  the  northern  regions  of  Europe  during  the 
eocene  epoch,  which  had  previously  been  founded  on  the  character 
of  its  vegetation,  and  on  the  crocodiles,  turtles,  saw-fishes,  chi- 
masras,  sharks,  and  nautili,  which  swarmed  in  its  waters. 

The  thickness  of  the  London  clay,  as  ascertained  by  numerous 
wells  and  artesian  borings,  is  very  variable,  and  is  much  less  on  the 
eastern  than  on  the  western  side  of  London.  At  .Bromley,  it  is  44 
feet ;  at  Tottenham,  77 ;  in  St.  James'^s-street,  236 ;  at  Wim- 
bledon, 530  and  more ;  at  High  Beach,  in  Essex,  700  (estimated)  ; 
at  Portsmouth,  102.  The  greatest  height  it  attains  above  the  sea  is 
at  High  Beach,  759  feet  f. 

Bagshot  Sands. 

These  rest  on  the  London  clay,  and  consist  of  ochreous  sand, 
alternating  with  foliated  green  clay,  green  sandj^nd  sulphur-yellow, 
white  and  pinkish  foliated  marls.  Organic  remains  are  rare,  but  a 
few  imperfect  shells  have  been  found  in  the  marls,  of  the  genera 
trochus,  pecten,  and  crassatella,  which  appear  to  belong  to  eocene 
species  of  the  Paris  basin.  The  remains  of  fishes  indicative  of  the 
same  era,  have  also  been  found  in  this  formatiolr).  It  occupies  the 
surface  of  Bagshot,  Frimby,  and  Purbright  heaths  ;  St.  Anne'*s  and 
Shrubs'  hills,  west  of  Chertsey,  St.  George'^s  Hill,  near  Weybridge, 
Cliobham  Ridges,  and  Romping  Downs,  north  of  the  HogVback 
in  Surrey,  and  the  Hampstead  and  Highgate  hills  in  Middlesex. 
The  greatest  elevation  above  the  sea  is  463  feet. 

Freshwater  Formations  of  the  Isle  of  Wight. 

These  beds  were  discovered  by  Mr.  Webster,  soon  after  the 
publication  of  the  description  of  the  formations  of  Paris  by  Cuvier 
and  Brongniart  He  divided  the  formation  into  a  lower  and  an 
upper  freshwater  deposit,  separated  by  a  bed  containing  marine 
remains ;  and  he  gave  it  the  name  of  the  upper  marine,  considering 
it  the  equivalent  of  the  formation  of  the  Paris  basin,  so  named  by 
those  authors. 

The  existence  of  this  marine  bed  was  afterwards  questioned;  but 
subsequent  observations  by  Professor  Sedgwick  and  Mr.  Lyell  have 
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established  an  intercalation  of  strata,  containing  a  mixture  of 
marine  and  freshwater  shells  between  two  beds,  the  organic  remains 
of  which  appear  to  have  been  deposited  tranquilly  on  the  spot.  The 
series  is  exposed  in  the  face  of  the  cliff  at  Headen  Hill,  the  total 
thickness  of  all  the  strata  amounting  to  about  400  feet,  with  about 
thirty-six  feet  of  the  marine  formation  appearing  midway  in  the 
cliff.  The  lower  marine  is  worked  in  the  quarries  at  Binstead,  near 
Ryde.  At  Headen,  the  lower  freshwater  formation  consists  of  sand, 
calcareous  and  argillaceous  marls,  containing  shells  of  the  genera 
paludina,  potamides,  melania,  cyclas,  unio,  planorbis,  and  linmea, 
all  inhabitants  of  fresh  water  (183 — 187).  At  Binstead,  it  consists 
of  limestone,  composed  of  fragments  of  freshwater  shells,  siliceous 
limestone,  and  calcareous  marls.  At  the  quarries  of  this  place,  in 
the  marls  alternating  Mrith  the  limestone  beds,  a  tooth  of  an  anoplo- 
iherium,  and  two  teeth  of  a  palsDotherium,  have  been  found,  accom- 
panied by  other  rolled  and  broken  bones  of  pachydermata,  and  the 
jaw  of  a  new  species  of  ruminantia,  allied  to  the  genus  moechus,  or 
musk  deer. 

The  marine  formation  at  Headen  is  about  thirty-six  feet  thick, 
and  consists  principally  of  greenish  marl.  The  shells,  according  to 
Professor  Sedgwick,  are  chiefly  of  the  marine  genera  murex,  bucci- 
num,  natica,  venus,  nucula,  and  corbula,mixed  with  a  few  of  the  fresh- 
water genera  cyclas,  potamides,  melanopsis,  and  neritina  (188, 190). 

The  upper  freshwater  formation  is  composed  of  a  yellowish- white 
marl,  enclosing  masses  which  are  more  indurated,  and  containing 
freshwater  shells  of  the  genera  limnea,  planorbis,  and  helix,  together 
with  the  seeds  of  chara,  and  remains  of  coleopterous  insects.  This 
freshwater  formation  is  surmounted  by  a  mass  of  transported  gravel. 

The  lower  freshwater  formation,  from  the  phenomena  exhibited 
at  Headen  Hill,  appears  to  have  been  deposited  tranquilly  in  fresh 
water.  The  mixture  of  land,  marine,  and  freshwater  shells  in  the 
marine  bed,  implies  deposit  in  an  estuary;  but  to  produce  that 
estuary,  there  must  have  been  a  change  of  level. 

The  strata  at  Hordwell  Cliff,  on  the  coast  of  Hampshire,  con- 
sisting of  alternations  of  clays  and  gravels,  some  of  a  bluish-green 
colour,  are  surmounted,  like  those  of  Headen  Hill,  by  a  mass  of 
transported  gravel.  They  have  afforded  scales  of  a  tortoise,  seed- 
vessels  of  the  chara,  teeth  of  a  crocodile,  and  scales  of  fishes,  toge- 
ther with  shells  of  the  genera  melania,  melanopsis,  planorbis, 
limnea,  potamides,  neritina,  ancylus  (189),  unio,  mya,  and  cyclas. 

From  the  vertical  position  of  the  strata  of  the  London  clay  in 
Alum  Bay,  and  from  the  horizontal  position  of  the  freshwater 
strata  in  other  parts  of  the  island,  Mr.  Webster  inferred  that  the 
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latter  were  not  deposited  till  after  the  upheavement  of  the  former; 
but  Professor  Sedgwick  has  shown  that  these  appearances  are 
deceptive,  arising  from  the  local  nature  of  the  disturbances  at  Alum 
Bay ;  that  the  freshwater  beds  are  there  vertical,  as  well  as  the 
London  clay  and  the  chalk ;  and  that  wherever  they  are  horizontal, 
the  chalk  is  horizontal  also:  so  that  the  freshwater  beds  were 
deposited  before  the  chalk  was  upheaved,  and  have  partaken  of  its 
movements. 


CHAPTER  XVIII. 

TERTIARY  SERIES,— XJoktixuxd. 

Miocene  Strata. — Faluns  of  the  Loire — mammalian  remaine. — Basin 
of  the  Gironde — Bcuins  of  Vienna  and  Lower  Styria — Volhynia 
and  Podolia — of  the  Rhine. — Dinotherium. — Older  Pliocene 
Strata. — Difference  of  opinion  among  eminent  eoncholoffists  re^ 
specting  the  shells  of  the  crag — difficulty  of  distinguishing  shells 
so  closely  allied  as  tertiary  and  living  species. — The  coralline 
and  red  crag,  miocene. — The  Norwich  orag^  older  pliocene.-^ 
Strata  of  Bridlington. — Subapennine  marls. — Tertiaries  of  the 
Maritime  Alps — Spain  and  the  Morea. — Newer  Plioeene.-^^ 
Sicilian  tertiaries. — Extra  European  tertiaries. — North  Ame* 
rica — South  America — metamorphic  and  metaUiferous  tertiary 
beds  of  the  Andes  —  extinct  gigantic  mammalia  —  toxodan  — 
megatherium — maoraukenia. — Indian  tertiaries — extinct  mam^ 
malia  of  the  Sewdlik  Hills — remains  of  monkeys — sivaiherium 
— anoplotherium. — Besemblance  between  the  tertiary  animals  of 
India  and  France. 

Miocene  Strata. 

To  this  epoch  belong  the  faluns  of  the  Loire ;  the  basin  of  the 
Girondci,  or  deposits  of  Bourdeaux  and  Dax ;  the  tertiary  strata  of 
Montpellier;  diose  of  the  hills  of  Mont  Ferrat  and  the  Superga; 
the  molasse  of  Switzerland;  the  deposits  of  Lower  Styria  and 
Vienna,  in  the  basin  of  the  Danube ;  the  deposits  of  Volhynia  and 
Podolia ;  the  basin  of  the  Bliine,  near  Mayence ;  and  perhaps  the 
lacustrine  strata  of  Epplesheim,  in  Hesse  Darmstadt,  and  Georges- 
gemund,  in  Bavaria.  To  these  Mr.  Lyell  now  adds  part  of  the 
English  crag  (the  coralline  and  the  red  crag),  the  whole  of  which  he 
formerly  referred  to  the  older  pliocene  era. 

Faluns  of  the  Loire.    This  deposit  is  of  slight  thickness,  resem- 
bling the  English  red  crag  in  mineral  composition.     It  contains 
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marine  shells  mixed  with  mammalian  remains,  some  of  which  are 
encrusted  with  flustrse  and  balani,  and  thus  appears  to  liave  been 
formed  near  the  shore. 

M.  Desnoyers  referred  it  to  the  age  of  the  English  crag, 
because  of  the  similarity  of  its  lithological  characters,  and  because 
it  rests  on  the  upper  lacustrine  fonnations  of  the  Paris  basin,  which 
are  continuous  orer  a  platform  between  the  Seine  and  the  Loire,  in 
the  same  manner  that  the  crag  rests  on  the  London  clay.  Mr. 
Lyell  and  Mr.  Deshayes,  however,  on  account  of  the  proportional 
quantity  of  recent  species  obtained  from  it,  considered  it,  till  lately, 
intermediate  in  age  between  the  crag  and  the  deposits  of  the  Paris 
basin .     The  present  state  of  this  question  will  be  noticed  in  the  sequel. 

Mammalian  Remains,  In  some  strata  of  the  same  age  as  the 
faluns,  which  occur  a  little  west  of  Orleans,  remains  of  palseothe- 
litim  magnum  (a  species  of  the  Paris  basin)  have  been  found, 
accompanied  by  mastodon  angustidens,  hippopotamus  major,  hippo- 
potamus minutus,  tapir  gigas,  a  small  species  of  anthracotherium,  sus, 
equus  (a  small  species),  cervus,  and  an  undetermined  species  of 
rodentia ;  and  similar  mixtures  of  the  extinct  genera  of  the  lacus- 
trine eocene  mammalia,  with  the  earliest  forms  of  existing  genera, 
have  been  found  at  Georgensgemund,  in  Bavaria,  and  at  E^plesheim, 
near  Hesse  Darmstadt. 

Basin  of  the  Girondey  District  of  Bourdeaux  and  Dax. 

There  is  a  great  extent  of  tertiary  strata  between  the  Gironde 
and  the  Pyrenees.  They  are  variable  in  their  mineral  character,  but 
admit  of  an  arrangement  into  four  groups,  their  united  thickness 
being,  in  some  instances,  very  considerable,  while  in  others  the 
secondary  rocks  are  scarcely  concealed  by  a  thin  covering  of  ter- 
tiary strata. 

These  groups  in  the  neighbourhood  of  Dax  are  in  the  descend- 
ing order: — 1.  Siliceous  sand,  without  shells ;  2.  Gravel;  3.  Sand 
and  marl,  with  shells ;  4.  Blue  marl,  with  shells.  The  shells  are 
of  the  same  zoological  character  as  those  of  the  basin  of  the  Loire. 
There  is  often  an  intermixture  of  fluviatile  shells  with  the  marine, 
indicating  an  estuary  deposit. 

At  Saucats,  near  Bourdeaux,  is  a  freshwater  limestone,  of  consi- 
derable thickness,  perforated  on  its  upper  surface  by  marine  shells 
chiefly  of  extinct  species  :  thus  affording  evidence  that  the  spot  has 
been  occupied  alternately  by  salt  and  fresh  water. 

The  tertiary  series  of  the  basin  of  the  Gironde  rest  in  general 
on  secondary  rocks ;  but  between  Blaye  and  La  Roche,  they  are 
stated  by  Mr.  Lyell  to  be  superimposed  on  limestone,  from  100  to 
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200  feet  thick,  resembling  the  calcaire  grossier  of  the  Paris  basin, 
and  containing  many  species  identical  with  the  shells  of  that 
formation. 

MontpeUier,  These  deposits  are  classed  by  Mr.  Lyell  with 
those  of  the  miocene  epoch,  because  they  contain  many  of  the 
Bourdeaux  and  Dax  species  of  shells ;  although  the  catalogue  of  M. 
Marcel  de  Serres  enumerates  many  pliocene  species.  The  mam- 
malian remains  appear  to  be  those  of  the  miocene  era, — mastodon 
angustidens,  rhinoceros  leptorhinus,  a  tapir,  a  palaeotherium,  and  an 
anthracotherium.  - 

Piedmont,  The  hill  of  Superga,  near  Turin,  and  the  chain  of 
Mont  Ferrat,  in  the  basin  of  the  Bormida,  consist  of  highly-inclined 
strata  of  greensand  and  marl,  coarse  conglomierate  forming  the 
lower  part  of  the  mass.  Shells  referrible  to  the  miocene  era  occur 
in  the  greensand.  Nearly  horizontal  marls,  containing  shells  (ji 
the  older  pliocene  strata,  are  seen  in  various  places  near  Turin. 
The  country  has  not  yet  been  sufficiently  examined  to  obtain 
sections  illustrative  of  the  position  of  the  miocene  and  older  pliocene 
strata,  but  it  has  been  ascertained  that  the  highly-inclined  green- 
sand, which  is  in  contact  with  the  primary  strata,  is  the  oldest  part 
of  the  series. 

Mokuse  of  Switzerland.  At  the  northern  base  of  the  Alps,  on 
the  side  of  Savoy,  and  throughout  the  lower  part  of  Switzerland,  a 
soft  green  sandstone  occurs,  called  ^'  molasse,'*^  much  resembling 
some  of  the  beds  of  the  basin  of  the  Bormida,  and  associated,  like 
them,  with  marl  and  conglomerates.  It  contains  but  few  shells, 
but  some  found  near  Lucerne  are  referred  to  this  epoch. 

B<mns  of  Vienna  and  Lower  Styria. 

Of  all  the  tertiary  groups  of  Europe,  this  is,  perhaps,  the  most 
important  in  point  of  thickness  and  geographical  extent,  though 
others  have  obtained  more  celebrity,  from  the  nature  of  their  organic 
contents,  and  from  some  of  the  most  interesting  investigations  of 
modem  geology  being  connected  with  them.  The  Styrian  beds, 
described  by  Mr.  Murchison  and  Professor  Sedgwick,  exhibit  nearly 
the  same  phenomena  as  those  of  Vienna,  and  are  divisible  into  three 
groups,  in  position  nearly  horizontal,  but  having  a  slight  dip  towards 
the  east.  They  appear  to  have  been  formed  in  an  inland  sea,  which 
once  filled  the  basin  of  Hungary,  and  extended  to  the  foot  of  the 
eastern  termination  of  the  Alps ;  the  Vienna  strata  having  been 
formed  in  another  bay  of  the  same  sea,  separated  by  a  great  promon- 
tory-connected with  the  central  ridge  of  the  Alps.  The  Styrian 
tertiary  strata,  near  their  western  termination  among  the  older  and 
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more  elevated  formatioiiB,  fill  an  irregular  trough-shaped  depressioiiv 
through  which  the  waters  of  the  Mur,  the  Draab,  and  the  Drave» 
make  their  way  to  the  Lower  Danube.  From  this  region  they 
gradually  expand  into  the  plains  of  Hungary. 

We  have  already  said  that  they  may  be  divided  into  three  grotips, 
the  first  occupying  the  broken  region  extending  from  the  neighbour- 
hood of  Eibeswald,  and  the  eastern  skirts  of  the  Schwanberg  Alp, 
to  the  banks  of  the  Mur ;  it  consists  of  alternating  beds  of  shade  and 
sandstone,  with  marl  and  sand,  some  of  the  marls  containing  many 
marine  shells.  Near  the  protuberances  of  secondary  rocks,  are 
masses  of  conglomerate,  containing  rounded  siliceous  pebbles,  and 
resembling  the  shingle  of  a  beach.  This  group  is  referred,  by  Pro- 
fessor Sedgwick  and  Mr.  Murehison,  to  the  age  of  the  Paris  basin ; 
but  Mr.  Lyell  contends  that  though  some  of  the  shells  mentioned 
by  them  are  common  to  the  Paris  basin,  such  a  coincidence  holdE 
true  with  regard  to  all  the  miocene  formations  of  Europe,  and  that, 
associated  with  them,  are  some  characteristic  miocene  fossils. 

The  second  principal  group  is  finely  exposed  in  the  escarpments 
of  Wildon,  and  in  the  hills  of  Ehrenhausen,  on  the  right  bank  ot 
the  Mur.  It  is  characterized  by  coralline  and  concretionary  lime- 
stone, of  a  yellowish- white  colour.  The  upper  beds  of  this  group 
occupy  a  considerable  portion  of  the  hilly  region  on  the  south  side 
of  the  Mur,  stretching  nearly  east  and  west.  They  consist  of  marls, 
sometimes  so  calcareous  as  to  pass  into  irregular  concretionary 
masses  of  white  limestone,  of  beds  of  shale,  and  of  sand  and  sand- 
stone, occasionally  so  coarse  as  almost  to  assume  the  form  of  a  con- 
glomerate. The  coralline  limestone  is  in  some  places  four  hundred 
feet  thick,  and  affords  an  instance  of  a  tertiary  coralline  limestone 
more  largely  developed  than  the  secondary  coral  rag  of  England. 
This  group  is  unanimously  admitted  to  belong  to  the  miocene 
epoch. 

The  third  group  consists  of  marl  and  sandstone,  abounds  in 
fossils,  and  contains  beds  of  coarse  calcareous  sandstone.  The 
authors  include  in  it  the  yellowish  micaceous  sands,  with  bands  of 
sandy  marl,  and  occasiondly  beds  of  small  pebbles,  which  occupy  a 
large  portion  of  the  surface  of  the  country  near  the  frontiers  of  Styria 
and  Hungary.  They  contain  the  bones  of  several  species  of  mam- 
malia. Professor  Sedgwick  and  Mr.  Murehison  class  this  group 
with  the  younger  deposits  of  the  Subapennine  regions,  that  is,  with 
the  pliocene  era.  Mr.  Lyell  is  of  opinion,  that  its  fossils  do  not 
depart  so  widely  from  the  miocene  type  as  to  authorize  their  sepa- 
ration. 

The  deposits  of  the  Vienna  basin  are  in  the  same  horizontal  or 
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slightly  inclined  position,  and  exhibit  very  nearly  the  same  pheno- 
mena as  those  of  Lower  Styria. 

Owing  to  their  slight  inclination,  the  lowest  groups  are  very 
little  known,  having  only  been  reached  by  boring  for  water,  and 
other  artificial  excavations.  Professor  Sedgwick  and  Mr.  Murchison 
give  the  following  synopsis  of  the  successive  deposits  in  the  neigh- 
bourhood of  Vienna,  on  the  authority  of  M.  Partsch,  some  of  the 
facts  having  been  verified  by  their  own  observations.  The  section 
is  in  the  descending  order*: 

Feet. 

1.  Alluvial  loam,  called  Loss,  with  terrestrial  shells  of  existing  species  mixed 

with  bones  of  extinct  elephants ;  average  thickness  60  feet,  in  some 
places  much  more       ----------co 

2.  Gravel  and  sand,  with  subordinate  concretionary  calcareous  masses,  some- 

times oolitic.     It  contains  the  bones  of  mastodon,  anthracotherium, 
tapir,  &C,  .--.-------70 

3.  Freshwater  limestone,  only  in  patches,  containing  planorbes  and  helices    -   140 

4.  Great  white  coralline  limestone,  containing  large  pectens  and  echini,  also 

bones  of  the  ta^ir,  mastodon,  stag,  and  other  mammalia  .  -  .  150 
6.  Coarse  calcareous  conglomerate  breccia,  and  calcareous  grit,  forming  the 

base  of  the  white  coralline  limestone  of  the  Leitha  Gebirge  -        -  200 

6.  Superior  blue  marl  (T^;el)  with  a  profusion  of  fossils       ....     40 

7.  Yellow  sand,  with  calcareous  grits,  and  many  fossils.    Cerithium  pictum, 

and  two  or  three  species  of  ostrea,  abound  in  it    -        -         -        -        -    120 

8.  Inferior  blue  marl  (T^;el),  only  known  by  borings,  and  some  partial  exca- 

vations ;  fossils,  therefore,  little  known         ....--  soo 

9.  White  sands,  &c.,  reached  only  by  boring  ;  thickness,  therefore,  entirely 

unknown.  — — 

108U 

Volhynia  and  Podolia.  In  this  district,  bounded  by  Gallicia  on 
the  west,  and  the  Ukraine  on  the  east,  and  comprising  parts  of  the 
basins  of  the  Don  and  Dniester,  there  is  a  great  accumulation  of 
sand,  sandstone,  clay,  coarse  limestone,  and  a  white  oolitic  lime- 
stone, the  last  of  considerable  thickness.  The  marine  shells  derived 
from  these  deposits  have  been  pronounced  by  Deshayes  to  belong  to 
the  miocene  era. 

Mayence.  The  tertiary  strata  of  Mayence  extend  along  the  left 
bank  of  the  Rhine,  from  Mayence  to  the  neighbourhood  of  Man- 
heim,  and  recur  near  Frankfort.  From  the  abundance  of  shells  of 
the  genera  cerithium,  and  the  quantities  of  land  shells  contained  in 
them,  they  appear  to  have  been  formed  in  an  estuary  fed  by  rivers. 
The  sandy  beds  of  Epplesheim,  in  which  the  remains  of  dinotherium 
are  found,  have  been  already  mentioned  as  probably  belonging  to 
the  miocene  era. 

Dinotherium.     In  this  latter  locality  occurs  the  dinotherium,  the 

*  TransaeHons  cf  the  Geological  Society,  New  Series,  vol.  iii.,  part  2,  p.  403. 
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largest  of  known  terrestrial  mammalia.  It  appears  to  hold  an 
intermediate  pLice  between  the  tapirs  and  the  mastodon.  The 
Bcapula,  or  shoulder-blade,  resembles  more  nearly  that  of  the  mole 
than  any  other  animal,  and  implies  an  adaptation  of  the  fore-leg  to 
the  purpose  of  digging,  an  inference  which  is  confirmed  by  the  sin- 
gular structure  of  the  lower  jaw.  In  the  character  of  its  molar 
teeth,  it  is  nearly  allied  to  the  tapirs,  but  it  differs  from  them,  and 
indeed  from  all  other  known  quadrupeds,  in  having  two  great  tusks 
at  the  anterior  extremity  of  the  lower  jaw,  curved  downwards,  like 
those  in  the  upper  jaw  of  the  walrus. 

From  the  inconvenience  so  bulky  an  animal,  possessing  Jaws 
four  feet  long,  armed  with  such  enormous  tusks,  must  have  expe- 
rienced  on  the  dry  land,  and  from  the  aquatic  habits  of  the  tapirs, 
to  which  it  appears  allied,  Dr.  Buckland  supposes  that  it  lived 
chiefly  in  freshwater  lakes ;  and  that  the  tusks  were  employed  in 
grubbing  up  the  roots  of  large  aquatic  vegetables  from  the  bottom, 
in  which  service  they  would  combine  the  mechanical  powers  of  the 
pickaxe  with  those  of  the  horsehoe,  the  great  weight  of  the  head 
assisting  the  operation ;  he  also  considers  that  these  tusks  might 
also  have  been  applied  to  moor  the  head  of  the  animal  to  the  bank, 
as  it  slept  submerged,  with  its  nostrils  only  above  the  water ;  and 
that  they  might  likewise  have  been  used,  like  those  of  the  walrus, 
for  the  purpose  of  dragging  the  body  out  of  the  water,  and  as  wea- 
pons of  defence. 

From  its  near  approximation  to  the  living  tapir,  he  inferred  that 
it  was  furnished  with  a  proboscis,  by  means  of  which  it  conveyed  to 
its  mouth  the  vegetables  raked  up  from  the  bottom  by  its  tusks  and 
claws ;  and  from  an  ungual  bone  found  with  some  other  remains  of 
dinotherium,  having  a  remarkable  bifurcation,  not  known  in  any 
other  quadruped  except  the  pangolins,  he  inferred  that  it  was  fur- 
nished with  a  claw  possessing  peculiar  advantages  for  scraping  and 
digging,  and  thus  indicating  functions  concurrent  with  those  of  the 
tusks  and  scapula. 

Since  the  publication  of  the  first  edition  of  the  Bridgewater 
Treatise^  in  which  these  views  were  advanced,  a  nearly  entire  head 
has  been  found  by  Professor  Kaup  :  the  width  of  the  anterior  por- 
tion of  the  skull,  and  the  deep  depression  there  visible,  seem  favour- 
able to  the  supposition  of  its  having  been  furnished  with  a  proboscis ; 
and  Professor  Kaup  and  Dr.  Klipstein,  who  have  described  and 
figured  the  skull,  consider  Dr.  Buckland"'s  conjectures,  as  to  the 
aquatic  habits  of  the  animal,  confirmed  by  the  approximation  in  the 
form  of  the  occipital  bone  to  the  occiput  of  cetacea,  the  dinotherium 
in  this  structure  affording  new  and  important  links  between  the 
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cetacea  and  pachydermata.  M.  de  Blainville,  and  some  other  French 
naturalists,  even  consider  it  to  have  belonged  to  the  cetaceous  order, 
and  the  family  of  the  dugongs  and  lamantins. 

Older  Pliockxe  Strata. 

Part  of  the  English  crag,  the  Subapennine  sands  and  marls  of 
Tuscany  and  Northern  Italy,  also  the  beds  of  marl  and  gravel  at  the 
foot  of  the  Maritime  Alps  near  Genoa,  the  tertiary  strata  at  the 
eastern  extremity  of  the  Pyrenees,  in  the  south  of  France,  and  at 
Malaga  and  Grenada  in  Spain,  and  the  tertiaries  of  the  Morea,  are 
all  referred  to  this  epoch  by  M.  Deshayes  and  Mr.   Lyell,  because 
they  contain  the  same  proportion  of  existing  species  of  shells.     The 
European  mammalian  remains  of  the  pliocene  era  consist  of  existing 
genera,  but  of  species  extinct,  or  no  longer  inhabitants  of  Europe, 
such  as  the  elephant,  hippopotamus,  rhinoceros,  and  mastodon,  an 
extinct  genus  allied  to  the  elephant.     Dr.  Buckland  says  that  this 
is  the  oldest  formation  in  which  ruminantia, — oxen  and  deer, — are 
abundantly  found,  and  that  it  is  also  distinguished  by  the  increased 
abundance  of  rodentia   and   camivora.     Those   extinct  genera  of 
pachydermata  which  flourished  during  the  eocene  period,  are  not 
found  in  the  pliocene  strata  of  Europe,  while  mixtures  of  the  eocene 
and  pliocene  mammalia  occur,  as  has  been  already  stated,  in  strata 
of  the  miocene  era. 

The  seas  of  the  pliocene  era,  as  well  as  of  the  miocene,  were  in- 
habited by  marine  mammalia,  consisting  of  whales,  dolphins,  seals, 
the  walrus,  and  the  lamantin,  or  manati,  the  existing  species  of 
which  last  genus  are  confined  to  the  tropics. 

The  Crag. 

The  only  English  marine  tertiary  formation  of  the  miocene  and 
older  pliocene  epochs  is  citlled  the  crag,  a  provincial  name  for  gravel 
in  the  counties  of  Norfolk,  Suffolk,  and  Essex,  where  it  occupies 
the  low  grounds  along  the  coast,  resting  sometimes  on  the  chalk, 
sometimes  on  the  London  clay.  Throe  regular  marine  formations, 
as  well  as  the  diluvial  drift,  were  until  lately  confounded  together 
under  this  name.  Mr.  Charlcsworth  was  the  first  geologist  who 
divided  the  crag  of  Suffolk  into  two  formations,  the  uppermost 
characterized  by  its  ferruginous  colour,  the  lower  by  the  presence  of 
corals ;  and  he  proposed  for  them  the  names  of  the  coralline  and 
red  crag.  He  also  intimated  that  the  crag  of  Norwich  was  more 
recent  than  either  of  them.  The  red  and  coralline  crag  are  best 
seen  at  Ramsholt,  on  the  eastern  bank  of  the  Dcben,  at  Tatting- 
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stone,  between  the  Orwell  and  Stour,  Sudboum  Park,  twenty  milee 
to  the  east  of  Tattingstone,  and  Orford. 

The  red  crag  varies  in  thickneBS  from  four  to  nine  feet,  the 
coralline  crag  from  seven  to  twelve.     The  Utter  deposit  consists  of 


(Keil  Cng.) 


white  calcareous  sand,  and  contains  many  shells  which  do  not  appear 
to  have  been  rolled,  and  tho  species  often  occur  in  groups.  The 
corals  are  most  abundant  at  Orrord  and  Sudboum.  From  the  two 
depoaits  have  been  obtained  the  following  species : — annulata,  13; 


conchifera,  1 S9 ;  cirripeda,  11;  moUusca,  257.    The  moUusca  include 
50  species  of  minute  cephalopoda.     Of  the  above  species,  80  are 
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considered  peculiar  to  the  red  crag,  280  to  the  coralline  crag,  and 
the  remaining  150  are  common  to  the  two  deposits.  The  fusus 
contrarius(191),  and  the  buccinaand  murices  (192),  so  abundant  in 
the  red  crag,  are  wanting  in  the  coralline  crag.  The  former  con- 
tains teeth  of  fishes,  in  the  latter  they  are  rare.  The  remains  of 
mammalia  appear  confined  to  the  upper  beds.  Mr.  Charlesworth 
concludes  that  these  deposits  were  formed  under  different  conditions, 
and  at  different  epochs.  In  commenting  on  these  facts,  in  his 
address  from  the  chair  of  the  Geological  Society,  in  1835,  Mr.  Lyeli 
admitted  the  former  conclusion,  but  denied  the  latter. 

Discordant  Opinions  respecting  the  Shells  of  the  Crag, 

Referring  to  an  opinion  of  Mr.  Charlesworth,  that  of  the  150 
species  common  to  the  two  deposits,  many  may  have  belonged  to 
the  lower  bed  and  been  washed  into  the  newer  one,  Mr.  Lyell 
observed,  "  Such  accidental  mixtures  have  doubtless  occurred,  and 
they  have  been  occasionally  remarked  by  geologists  in  other  places, 
under  similar  circumstances,  but  I  continue  to  believe  that  these 
upper  and  lower  divisions  of  the  crag  should  bo  referred  to  the  same 
geological  epoch.  The  determination  of  that  period,  or  of  the  exact 
place  which  the  crag  should  occupy  in  the  chronological  series  of 
European  strata,  is  a  more  difficult  question.  When  I  first  sub- 
mitted 111  species  of  crag  shells  to  the  examination  of  M.  Deshayes, 
he  was  of  o])iniou  that  66  of  them  were  extinct,  and  that  the 
others  belonged  to  recent  species  now  inhabitants  of  the  German 
Ocean.  I  lately  laid  before  him  60  species  from  the  coralline  crag 
with  which  Mr.  Charlesworth  has  favoured  me,  and  he  was  still  of 
opinion  that  the  proportion  of  recent  species  was  equally  great. 

*^  But  I  should  add,  that  the  suites  of  individuals  of  each  species 
were  not  so  full  and  conii)lete  as  might  have  been  desired,  to  enable 
these  identifications  to  be  placed  beyond  all  doubt.  Dr.  Beck  has 
lately  seen  260  species  of  crag  shells  in  Mr.  Charlesworth's  cabinet 
in  London,  and  informs  me,  that,  although  a  large  proportion  of  the 
species  approach  very  near  to  others  which  now  live  in  our  northern 
seas,  he  regards  them  as  almost  all  of  distinct  species,  and  unknown 
as  living.  Both  he  and  M.  Deshayes  have  declared  the  shells  to  be 
those  of  a  northern  climate,  and,  according  to  Dr.  Beck,  the  climate 
may  even  have  resembled  that  of  our  arctic  regions. 

*'  In  regard  to  the  discordance  in  the  results  at  which  these 
eminent  conchologists  have  arrived,  it  may  arise  not  only  from  the 
unequal  opportunities  which  they  have  enjoyed  of  examining  the 
necessary  data,  but  also,  in  part,  from  the  different  estimate  which 
they  have  formed  of  the  amount  of  variation  necessary  to  constitute 
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a  distinct  species.  One  example  will  sufficiently  illustrate  mj 
meaning.  Those  naturalists  who  agree  with  M.  Deshayes,  in  refer- 
ring all  the  living  varieties  of  lucina  divaricata  brought  from  difikrent 
countries  to  one  and  the  same  species,  will  identify  many  more 
fossils  with  recent  shells,  than  those  who  agree  with  Dr.  Beck  in 
dividing  the  same  recent  individuals  of  lucina  divaricata  into  six  or 
eight  distinct  species.  Provided,  however,  each  zoologist  is  con- 
sistent with  himself,  and  provided  the  distinctive  characters  relied 
on  as  specific  by  each,  are  commensurate  one  with  another,  no  con- 
fusion will  arise*.'* 

We  may  add  that,  while  M.  Deshayes  and  Dr.  Beck  both  con- 
sider the  shells  of  the  crag  as  those  of  a  northern  climate,  and  while 
the  latter  zoologist  even  discovers  in  them  a  resemblance  to  shells  of 
arctic  seas,  Agassiz  pronounces  its  fishes,  as  far  as  they  are  yet 
known,  to  be  all  of  extinct  species,  belonging  to  genera  now  inhabit- 
ing the  tropics.  The  freshwater  formation  of  Aix,  in  Provence, 
which,  on  the  evidence  of  its  shells,  Mr.  Lyell  classes  among  the 
eocene  strata,  and  the  lacustrine  formation  of  (Enengen,  which 
some  geologists  considered  as  the  most  modem  known  tertiary 
deposit,  have  been  identified  by  Agassiz,  by  means  of  their  fossil 
fishes,  with  the  molasse  of  Switzerland  classed  by  Lyell  vrith  the 
miocene  strata. 

It  is  probable  that  fossil  ichthyology  will,  before  long,  throw 
much  light  on  the  chronological  arrangement  of  the  tertiary  series. 
In  fossil  fishes  we  have  the  remains  of  animals  of  a  higher  organiz- 
ation than  molluscs,  and  furnished  with  other  solid  parts  than  a 
mere  testaceous  covering,  pervading  all  the  strata  from  the  oldest  to 
the  most  recent,  and  the  changes  of  genera  and  species  from  one 
system  to  another  do  not  take  place  insensibly,  like  those  of  molluscs, 
but  abruptly,  and  a  tooth  or  a  scale  is  often  sufficient  to  establish, 
not  only  the  order  and  genus,  but  even  the  species  of  the  fish  to 
which  it  belonged. 

The  best  tests  of  the  correctness  of  the  principles  on  which  the 
classification  of  Agassiz  is  founded,  are,  that  it  yields  consistent 
results  through  the  whole  series  of  living  and  fossil  fishes ;  and  that 
when,  from  the  examination  of  a  mutilated  specimen,  possessing  only 
scales  of  an  unknown  fish,  without  either  head,  tail,  or  fins,  he  has 
sketched  a  restoration  of  its  form,  subsequent  discoveries  of  the 
entire  animal  have  verified  his  predictions  as  to  its  organization.  In 
recent  as  well  as  fossil  shells,  we  have  merely  the  external  covering 
constructed  by  an  animal  without  any  solid  parts.  The  animal 
belonging  to  shells  of  living  species  is  often  unknown  to  us ;  and 
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we  only  deduce  its  structure  from  analogy.  On  this,  to  a  certain 
extent,  we  may  safely  rely.  Knowing  the  organization  of  an  animal 
inhabiting  a  shell  of  a  certain  general  form,  we  may  conclude  that  a 
shell  of  a  similar  form  was  inhabited  by  an  animal  of  a  similar 
general  structure.  On  this  evidence,  we  consider  that  all  chambered 
univalves,  like  the  nautilus,  belonged  to  cephalopodous  molluscs; 
and  we  infer  that  all  shells  having  a  canal  or  notch  at  the  base,  like 
the  common  whelk  (buccinum  undatum),  belonged  to  carnivorous 
trachelopoda,  furnished  with  a  retractile  proboscis,  for  the  purpose 
of  boring  into  other  shells.  But  when  we  descend  to  minor  differ- 
ences, it  can  scarcely  be  contended  that  those  minute  distinctions  in 
the  form,  thickness,  colour,  or  markings  of  shells,  which  constitute 
the  specific  differences  of  some  conchologists,  must  necessarily  have 
been  accompanied  by  such  differences  in  the  organization  of  the 
animal,  as  would,  without  reference  to  the  shell,  have  been  sufficient 
to  constitute  a  distinct  species. 

Some  of  the  modifications  of  colour,  size,  thickness,  &c.,  may 
have  originated  in  difference  of  age,  climate,  and  food,  occasioning 
differences  in  the  quantities  of  carbonate  of  lime  secreted  for  the 
formation  of  the  shell.  With  respect  to  age,  it  is  certain  that,  in 
some  genera,  it  occasions  great  dissimilarity  in  the  form,  for  what 
can  be  more  unlike  than  the  testaceous  coverings  of  young  and 
adult  individuals  of  some  species  of  the  genera  cyprsea  and  ovula? 

Difficulty  of  distinguishing  Tertiary  and  Recent  Species,  In 
comparing  tertiary  with  secondary  shells,  the  difference  is  so  striking 
that  a  novice  can  scarcely  mistake  the  one  for  the  other,  and  the 
distinctions  between  those  of  different  secondary  systems  is  so 
strongly  marked  that  there  can  be  little  danger  of  error ;  but  when 
we  compare  tertiary  shells  (particularly  those  more  recent  than  the 
fossils  of  the  Paris  basin)  with  living  species,  the  comparison  is 
between  things  so  much  alike  that  there  is  often  considerable  diffi* 
culty  in  detecting  a  difference. 

We  must  also  be  upon  our  guard  against  falling  into  serious 
errors  in  fixing  the  date  of  these  modern  formations,  from  the  pro- 
portional quantity  of  unknotcn  shells  which  they  contain,  while  our 
knowledge  of  the  testacea  inhabiting  the  seas  which  wash  the  shores 
of  our  own  island  is  so  very  limited.  That  northern  drift  to  which 
we  have  before  alluded,  as  extensively  distributed  over  Lancashire, 
Cheshire,  and  Shropshire,  contains  fragments  of  marine  shells.  Mr. 
Murchison  has  obtained  from  it  many  species,  which  have  been 
examined  by  some  good  conchologists,  including  Dr.  Beck,  of  Copen- 
hagen,  and  prove  to  be  identical  with  species  now  inhabiting  adjacent 
seas. 
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In  the  south  of  Scotland  there  is  a  similar  deposit,  known  hy 
the  local  name  of  Till,  containing,  according  to  Mr.  Smith,  of  Jordan 
Hill,  broken  marine  shells,  and  occasionally,  though  rarely,  stages 
horns,  and  bones  and  tusks  of  the  elephant.  This  tumultuous  deposit 
is  covered  in  several  places,  some  of  them  eight  miles  from  the  sea, 
and  forty  feet  above  its  level,  by  a  tranquil  deposit  of  finely  lami- 
nated clay,  containing  bones  of  fishes  and  sea-fowl,  fragments  of 
searweeds,  crabs'*  claws,  and  numerous  layers  of  shells,  the  greater 
number  of  which  belong  to  species  abounding  in  the  adjoining  seas, 
while  some  of  the  species  have  become  very  rare,  if  not  extinct,  with 
reference  to  Scotland.  On  this  evidence  we  have  heard  it  contended 
that  the  drift  of  Shropshire  and  Scotland  could  not  be  contempora- 
neous, because  the  former  contained  only  the  remains  of  species 
inhabiting  adjacent  seas,  while  shells  now  extinct  are  found  in  the 
latter. 

On  the  same  grounds  it  might  bo  contended  that  the  deposits 
now  forming  in  the  Scottish  seas  are  older  than  the  shelly  gravel 
lying  high  and  dry  in  the  centre  of  England,  for  we  have  beeii 
informed  by  Mr.  Smith,  that  on  dredging  at  a  little  distance  from 
the  mouth  of  the  Clyde,  he  brought  up  several  species  of  living 
shells  that  were  unknown  to  conchologists. 

The  same  author  has  since  referred  the  till,  and  the  raised  estuary 
deposit  of  the  Clyde,  above  mentioned,  to  different  epochs,  separated 
by  a  wide  interval  of  time,  because  the  former  has  yielded  from 
fifteen  to  twenty  per  cent,  of  unknown  species,  whereas  in  the  latter, 
which  he  at  first  supposed  also  to  contain  a  small  proportion  of 
unknown  or  extinct  species,  he  has  recently  reduced  the  number  to 
one  (area  ])apillosa),  which  has  lately  been  found  living  on  the 
coast  of  Ireland  by  Captain  Portloek  ;  and  who  can  say  that  similar 
discoveries  may  not  effect  an  equal  revolution  in  the  proportion  of 
unknown  species  contained  in  the  inferior  till,  and  thus  reduce  the 
two  deposits  to  nearly  the  same  age  ? 

Corallii  e  and  Bed  Craa^  Miocene,     Xovwich  Crag^  Pliocene. 

Much  of  the  discordance  of  opinion  which  has  prevailed  among 
eminent  conchologists  respecting  the  ago  of  the  crag,  has  doubtless 
arisen  from  the  fossils  of  all  the  different  formations  beinsr  blended 
in  the  collections  exhibited  to  them  under  the  name  of  crag  shells. 
On  a  re-examination  of  the  crag,  in  1839,  WMth  reference  to  the 
facts  announced  by  Mr.  Cliarlcsworth,  Mr.  Lyell  found  direct  proofs 
of  the  superposition  of  the  red  to  the  coralline  crag,  and  observed 
that  the  former  in  some  places  abuts  against  the  latter,  as  well  as 
overlies  it.     He  also  ascertained  that  the  lower  formation  must  have 
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acquired  a  certain  degree  of  consistency  before  the  upper  was  depo- 
sited, because  its  calcareous  portions  are  sometimes  perforated  by 
pholades,  the  perforations  being  filled  with  the  sand  of  the  super- 
jacent red  crag. 

The  Norwich  crag  is  best  exhibited  at  Southwold,  Bramerton, 
Whittinghani,  Thorpe,  and  Portwick,  and  consists  of  loam,  sand, 
and  gravel,  enclosing  marine,  land,  and  freshwater  shells.  It  is 
covered  by  a  dense  bed  of  gravel,  and  rests  on  the  chalk,  the  surface 
of  which  is  in  some  places  perforated  by  pholas  crispatus.  From 
the  mixture  of  terrestrial  and  marine  remains  contained  in  it,  Mr. 
Lycll  considers  that  it  must  have  been  formed  near  the  mouth  of  a 
river.  On  instituting,  with  the  assistance  of  Mr.  Searles  Wood  and 
Mr.  G.  Sowerby,  a  thorough  examination  of  the  shells  of  these 
different  members  of  the  crag,  and  comparing  them  with  those  of 
the  faluns  of  Touraine,  he  obtained  the  following  results  : 

Nnmbcr  of  iipcc'cfi        Identical  with 
exaraineu.  living  Kpeciiv. 

Coralline  Crag  -        -        -        -        345  about  19  per  cent. 

Red  Crag 230  „      30         „ 

Fuluus  of  Touraiuo    -     «  -        -        240  „      2G        „ 

Of  the  ninety-two  marine  shells  of  the  Norwich  crag  seventy- 
three  species  were  recognised  as  occurring  also  in  the  red  crag,  but 
on  applying  the  test  of  the  proportion  of  recent  species  Mr.  Lyell 
ascertained  that  the  Norwich  crag,  both  with  respect  to  the  marine 
and  the  freshwater  shells,  contains  between  fifty  and  sixty  per  cent. ; 
he  therefore  considers,  that  should  these  numerical  conclusions  here- 
after require  some  modification,  still  the  Norwich  crag  will  be  refer- 
riblo  to  the  older  pliocene  period,  and  the  red  and  coralline  to  dif- 
ferent parts  of  the  miocene,  thus  acceding  to  the  opinion  of  M. 
Desnoyers  as  to  their  general  correspondence  with  the  age  of  the 
fuluus,  though  the  two  deposits  have  scarcely  ten  species  in  common, 
the  French  group  exhibiting  a  subtropical,  that  of  England  a 
northern,  character.  More  recent  still  are  the  freshwater  strata 
associated  with  the  "  mud  cliffs,"'*  or  till,  which,  in  East  Norfolk, 
rest  on  tho  Norwich  crag. 

The  mammalian  remains  of  the  red  and  Norwich  crags  are  in 
accordance  with  tho  conclusions  derived  from  a  comparison  of  their 
shells.  Some  teeth,  procured  by  Mr.  Lyell  from  the  red  crag  of 
Newbournc,  in  Suffolk,  w^ere  ascertained  by  Mr.  Owen  to  be  those 
of  the  leopard,  bear,  hog,  and  a  large  kind  of  deer,  genera  known 
to  occur  in  the  miocene  formations  of  France  and  Germany.  The 
more  numerous  mammalia  of  the  Norwich  crag  are  decidedly  of  a 
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more  recent  date.  Among  them  Mr.  Lyell  enumerates  the  teeth 
and  jaw  of  mastodon  longirostris,  a  tusk  of  an  elephant,  with  serpulao 
attached,  and  bones  of  a  horse  and  hog,  with  those  of  a  field  mouse, 
larger  than  the  common  species.  They  are  accompanied  by  bones 
of  birds  and  fishes. 

Bridlington.  Sand  and  clay,  containing  tertiary  shells,  were 
discovered,  several  years  ago,  on  the  Yorkshire  coast,  near  Brid« 
lington.  These  Mr.  Lyell  has  ascertained  to  be  of  the  same  age  as 
the  Norwich  crag. 

Subapennine  Maris. 

At  the  base  of  the  Apennines,  composed  of  secondary  limestone, 
are  low  ranges  of  hills,  both  on  the  side  of  the  Mediterranean  and 
Adriatic,  consisting  of  strata  of  marl  and  sand,  abounding  with 
shells,  about  half  of  which  belong  to  existing  species.  These  beds, 
onco  referred  to  the  era  of  the  Parisian  tertiaries,  notwithstanding 
the  difference  of  their  fossil  contents,  are  found  to  be  divisible  into 
three  groups,  of  which  the  upper  and  the  lower  occur  only  at  par- 
ticular points.     These  groups  are : 

Upper.  The  tufaceous  deposits  of  Naples,  the  calcareous  strata 
of  Otranto,  and  probably  the  greater  part  of  the  Calabrian  deposits. 
Newer  pliocene. 

Middle.  Most  of  those  of  Northern  Italy  and  Tuscany,  and 
perhaps  those  of  Rome.     Older  pliocene. 

Loiter,     The  strata  of  Piedmont,  already  described  as  miocene. 

The  most  important  member  of  the  middle  group  consists  of  a 
light  brown  or  blue  marl,  which  generally  forms  the  surface  of  the 
country,  but  is  in  some  places  covered  with  sand.  It  rests  imme- 
diately on  the  Apennine  limestone,  gravel  occasionally,  though 
rarely,  intervening.  This  marl  is  of  great  thickness  (2000  feet  at 
Parma),  in  some  parts  finely  laminated,  and  abounds  in  shells, 
generally  arranged  in  layers,  indicating  slow  accumulation.  It  is 
occasionally  interstratified  with  sandstone,  and  sometimes,  though 
rarely,  contains  subordinate  beds  of  lignite  and  gypsum.  Lenticular 
crystals  of  the  latter  have  been  met  with  inclosing  unaltered  shells. 
At  Radicofani,  and  other  places,  it  is  covered  by  volcanic  rocks, 
and  alternations  of  tufa  with  the  marl  prove  that  eruptions  took 
place  during  its  formation. 

The  other  member  of  this  older  pliocene  group  consists  of  yellow 
sand  and  conglomerate,  usually  found  near  the  junction  of  the  secon- 
dary and  tertiary  rocks,  generally  superimposed  on  the  marl,  but 
in  some  cases  resting  immediately  on  the  Apennine  limestone. 
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Near  Sienna  it  contains  alternations  of  fluviatile  and  marine  shells, 
and  may  be  supposed  to  have  been  a  deposit  poured  by  rivers  into 
the  sea,  the  bed  of  which  was  covered  with  the  marl. 

The  shells  are  in  a  high  state  of  preservation  in  the  marl,  soft 
when  first  taken  up,  but  hardening  when  dried.  Lapidified  shells 
are  more  frequently  met  with  in  the  sands,  in  which  they  have  been 
found  converted  into  flint  and  calcareous  spar.  The  deposits  contain 
blocks  of  Apennine  limestone,  drilled  by  lithodomi,  remains  of  fishes, 
crabs,  corals,  cotacea,  and  occasionally  terrestrial  mammalia.  At 
the  base  of  the  Maritime  Alps,  between  Genoa  and  Nice,  are  tertiary 
strata,  elevated  from  20  to  800  feet  above  the  sea,  composed  of 
blue  marl  and  sand,  similar  to  those  of  the  Subapennines,  and  con- 
taining the  same  shells.  West  of  Nice  they  are  composed  of  thick 
masses  of  coarse  shingle,  in  inclined  beds,  which  are  in  general  des- 
titute of  shells.  They  have  been  found,  however,  in  a  few  seams  of 
fine  marl  and  sand,  between  the  pebbly  beds,  of  species  identical 
with  those  of  the  Subapennines. 

Strata,  containing  the  same  organic  remains,  and  of  similar  litho- 
logical  characters,  occur  at  the  eastern  termination  of  the  PyreneeSf 
and  in  patches  at  Malaga,  and  Grenada,  in  Spain.  They  have  also 
been  discovered  in  the  Morea. 

Newer  Pliocene. 

Sicily.  To  this  epoch  belong  the  limestones,  sandstones,  and 
marls,  alternating  with  volcanic  beds  in  the  Val  di  Noto,  in  the 
southern  extremity  of  Sicily,  and  constituting  hills  from  one  to  two 
thousand  feet  above  the  level  of  the  sea.  They  contain  shells,  nearly 
the  whole  of  which  belong  to  species  now  inhabiting  the  Medi- 
terranean ;  and  there  is  decisive  evidence  that  the  alternating  lavas 
have  resulted  from  numerous  submarine  eruptions  repeated  at  suc- 
cessive intervals  during  the  formation  of  the  subaqueous  strata, 
which  constitute  with  the  igneous  beds  a  mass  2000  feet  thick. 
They  may  be  divided  into  the  three  following  groups  in  the 
descending  order : 

1.  Great  limestone  formation, — a  yellowish- white  calcareous  rock 
of  variable  character,  sometimes  resembling  the  calcaire  grossier  of 
the  Paris  basin.  It  often  contains  the  leaves  of  plants  and  reeds, 
as  if  a  stream  of  fresh  water,  holding  carbonate  of  lime  in  solution 
and  floating  down  terrestrial  vegetable  remains,  had  flowed  into  the 
sea  in  the  neighbourhood.  It  is  sometimes  more  compact,  resem- 
bling a  precipitate  from  the  waters  of  mineral  springs.  The  thick- 
ness of  the  limestone  is  700  or  800  feet.  The  thickness  of  the  infe- 
rior groups  to  be  next  described  is  much  less.    Though  the  shells  and 
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coralji  in  this  VimenUme  are  nearly  all  of  exi^idng  9 
r|aently  occur  in  the  state  of  mere  casts,  a^  in  the 
stones. 

S.  Schistose  and  arenaceous  limestone,  approaching  the 
of  a  calcareous  conglomerate,  sometimes  tending  to  a  pisoiisae 
oolitic  structure. 

3.  Blue  marls,  called  in  Sicily  creta,  enclosinj?  sheila  in  a 
tiful  state  of  preservation.     The  order  of  position  of  these 
groups  is  exhibited  at  C'astrogiovanni,  where  the  limesuiiie  cf 
Val  di  Noto  is  seen  passing  downwards  into  a  calcareous 
reposing  on  the  marls  which  rest  upon  another  series  of  mrls 
taining  grpsum  in  some  parts  of  Sicily,  and  abounding  in 
and  £alt. 

The  age  of  these  gypsums  and  sulphureous  mark  is  not  yet 
mined ;  but  Mr.  Lyell  supposes  it  to  be  of  an  older  teraary  epod 
than  the  newer  pliocene.  The  base  of  Etna,  to  the  height  of  800  to 
1000  feet,  is  composed  of  alternations  of  volcanic  rocks,  nutfls»  and 
Fands  of  the  third  group ;  the  marine  strata  sometimes  extend  to  the 
thickness  of  3<X)  feet,  without  any  intermixture  of  volcanic  matter. 
These  are  covered  by  some  of  the  modem  lavas  of  Etna,  but  there 
are  no  sections  to  prove  that  the  whole  cone  of  Etna  has  aeeomn- 
lated  .since  the  formation  of  the  pliocene  strata.  In  the  Cyclopean 
Isles,  a  cluster  of  rocks  to  the  north  of  Catania,  where  similar 
alternations  of  marine  and  volcanic  rocks  occur,  the  marls  are  much 
hardened  and  converted  into  siliceous  schist,  the  lamination  exhibit- 
ing contortions  as  irregular  as  those  of  some  of  the  primary  schists. 

FxiBA-ErROPEAX  Tertiarie-s. 

America.  Strata  containing  marine  shells,  a  portion  of  which 
belong  to  existing  species,  have  been  discovered  in  almost  every  part 
of  the  world, — America,  India,  the  Indian  Archipelago,  Madeira, 
the  borders  of  the  Ked  Sea,  &c.;  but  the  only  countries  in  which 
much  progress  lias  been  made  towards  a  knowledge  of  these  deposits, 
are  America  and  Indin.  The  geologists  of  the  United  States  have 
divided  the  tertiary  series  of  tliat  country  into  three  groups,  accord- 
ing to  the  proportion  of  existing  species,  to  which  they  have  applied 
the  nomenclatnro  of  Mr.  Lyell.  The  tertiary  as  well  as  the  living 
species,  differ  from  those  of  Europe.  The  American  eocene  strata 
rest  on  the  equivalents  of  the  cretaceous  rocks,  and  their  fossils 
approach  the  secondary  type  more  nearly  than  those  of  the  same  age 
on  this  side  of  the  Atlantic.  Of  210  species  scarcely  one  is  known 
as  living.  The  middle  tertiaries  contain  from  twenty-one  to  forty 
per  cent,  of  recent  species,  and  are  supposed  to  represent  the  mioeene 
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and  older  pliocene.     The  area  occupied  by  the  newer  pliocene  is 
very  small. 

In  South  America,  Mr.  Darwin  found  on  both  sides  of  the  Andes 
of  Patagonia,  alternations  of  tertiary  and  volcanic  beds,  which  ho 
considers  divisible  into  distinct  periods,  on  the  principles  adopted  with 
respect  to  these  deposits  in  Europe.  The  oldest  contain  some  living 
species;  the  most  recent,  at  a  much  greater  elevation,  consist  of 
beds  of  shells  identical  in  species  with  those  of  the  neighbouring 
coast,  particularly  an  extensive  deposit  of  muscles,  which  retain  their 
blue  colour,  and  emit  an  animal  smell  when  burnt. 

In  the  Eastern  Andes,  a  tertiary  group,  several  thousand  feet 
thick,  and  identical  with  these  in  composition  and  fossils,  assumes  a 
metamorphic  character,  as  it  approaches  the  granite,  which  rises  in 
peaks  14,000  feet  above  the  sea.  It  first  becomes  shattered,  con- 
torted and  traversed  by  dikes  and  veins,  proceeding  from  the  granitic 
mass,  and  finally  passes  into  a  highly  crystalline  felspathic  rock.  In 
this  singular  overlying  group  are  many  veins  of  silver,  copper,  arsenic, 
and  gold,  which  may  bo  traced  down  to  the  granite*. 

From  the  observations  of  the  same  author,  it  appears  that  tho 
level  and  extensive  plains  of  the  Pampas  formed,  at  a  recent  tertiary 
epoch,  an  estuary,  into  which  the  rivers  that  now  unite  to  form  the 
Plata  discharged  their  waters.  In  these  deposits  he  found  marine 
shells,  some  of  which  are  identical  with  living  species,  and  others 
have  a  general  resemblance  to  them,  associated  with  many  curious 
extinct  mammalia ; — the  toxodon,  as  large  as  a  hippopotamus,  con- 
necting the  rodents  with  the  pachyderms  by  manifest  analogies,  and 
with  the  cetacca  by  analogies  more  remote, — the  megatherium,  and 
ibur  or  five  large  edentata, — an  inmiense  mastodon, — the  macrau- 
kenia,  intermediate  between  the  horse  and  the  camel,  but  of  gigantic 
proportions, — several  rodents, — and  a  llama  as  large  as  a  camel. 

It  appears,  then,  that  the  group  of  animals  now  confined  to  this 
part  of  the  new  continent  were  represented  during  the  tertiary 
epoch,  by  animals  of  tho  same  peculiar  anatomical  structure,  but  of 
colossal  size ;  and  the  same  remark  applies  to  the  remains  discovered 
in  Australia  and  India.  Mr.  Darwin  is  of  opinion  that  in  South 
America  these  huge  animals  continued  in  existence  up  to  a  very 
recent  epoch,  both  because  they  are  found  in  some  places  associated 
with  marine  shells,  absolutely  identical  with  those  of  the  adjoining 
seas,  and  because  of  the  slight  altitude  of  these  deposits  above  the 
sea, — elevation  in  those  countries  being  so  regular  that  its  amount 
becomes  a  measure  of  time. 

India.     The  tertiary  strata  of  the  Sewalik  Hilb,  on  the  flanks 

*  Proceeding*  of  (he  Ceological  Scciett/y  vol.  ii.,  p.  210. 
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of  the  Himalayan  Ridge,  are  remarkable  not  only  for  tbe  gigantic 
size  of  some  of  the  mammalian  remains  inhumed  in  thorn,  but  for 
the  mixture  they  exhibit  of  extinct  genera  of  pachyderms,  character- 
istic of  the  older  tertiaries  of  Europe,  with  reptiles  not  to  bo  distin- 
guished from  s|)ccics  now  living.     These  beds  have  lately  yielded  to 
Captain  Cautley  and  Dr.  Falconer,  an  astragalus,  and  a  jaw-bone 
belonging  to  two  si)ecies  of  quadrumana  (one  of  large  size),  and  in 
different  beds  of  the  same  formation  were  found  the  remains  of 
anoplotherium,  with  those  of  the  magar  (crocodile),  and  gavial,  now 
inhabiting  the  Ganges.     The  camel,  anoplotherium,  and  antelope, 
have  been  disinterred  from  the  same  bed.     There  have  also  been 
found  the  sivatherium,  an  extinct  ruminant  as  largo  as  a  rhinoceros, 
and  armed  with  four  enormous  branching  horns,  the  elephant,  rhino- 
ceros, hippopotamus,  hog,  horse,  a  musk  deer  scarcely  larger  than  a 
hare,  specimens  of  the  cat  and  dog  tribe,  the  hyaena,  bear,  ratel,  and 
other  carnivora.     Of  binls,  there  are  grallse  larger  than  the  gigantic 
crane  of  Bengal ;  of  reptiles,  besides  the  magar  and  gavial,  there 
are  other  crocodiles  of  enormous  size ;  of  testudinata,  ordinary  sized 
species  of  emys  and  trionyx,  with  humeri  and  femora   of  other 
species,  as  large  as  the  humerus  and  femur  of  the  Indian  rhinoceros, 
and  corresponding  fragments  of  bucklers*. 

No  human  remains  have  yet  been  found  in  any  tertiary  strata ; 
and  from  the  absence  of  bones  of  the  monkey  tribe,  in  deposits  which 
in  Europe  have  yielded  so  many  mammalian  remains  of  a  tropical 
aspect,  it  was  supposed  that  those  animals  which  approached  the 
nearest  to  the  human  form  dated  their  origin  from  the  birth  of  man. 
Hones  of  monkeys,  however,  have  now  been  discovered  at  Sausan  in 
France,  in  calcaire  grossier,  in  the  Sewalik  Hills,  in  company  with 
anoplotheria,  and  beneath  the  city  of  Calcutta,  and  more  recently 
in  the  London  clay  near  Woodbridge.  The  resemblance  between 
some  of  the  extinct  animals  of  two  such  distant  regions  as  France 
and  India,  is  not  confined  to  mammalia.  Shells,  identical  in  species 
with  those  of  the  Paris  basin  and  London  clay,  have  been  found  on 
the  banks  of  the  Irawadi,  in  the  north-east  of  Bengal,  and  in  the 
district  of  Assam,  loOO  feet  above  the  sea.  On  the  Irawadi,  the 
strata  of  marl  and  limestone  containing  them  were  covered  by 
deposits  of  sand  and  gravel,  in  which  were  found  remains  of  two 
species  of  mastodon,  hippopotamus,  rhinoceros,  hog,  ox,  deer,  and 
antelope,  a  crocodile  and  gavial,  identical  with  or  closely  resembling 
living  species,  and  several  species  of  emys  and  trionyx,  one  of  which 
was  of  very  largo  size. 

•  Proceedings  of  the  Geological  Society^  vol.  ii.,  p.  WX 
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CHAPTER  XIX. 

OSSIFEROUS  CAVERNS.— ERRATIC  BLOCKS  AND  DILUVIUM.— 

RAISED  BEACHES. 

Distribution  of  mammalia  remain  in  tertiary  and  superficial  accu- 
mulations.— Ossiferous  caverns  of  Germany;  England;  Kirk- 
dale  Care — osseous  breccias  of  the  Mediterranean — cave  of  San 
Ciro, — Raised  beaches — afford  proofs  of  recent  elevation  of  the 
land  in  many  parts  of  the  world — the  Scandinavian  peninsula 
now  rising — raised  beaches  of  the  British  Isles — distinct  from 
conchiferous  diluvium, — Erratic  blocks  and  diluvium — disper- 
sion of  erratics  from  Cumberland^  to  the  east  and  south — accom- 
panied by  marine  shells — diluvial  deposits  of  North  Wales — 
absence  of  proofs  of  slow  accumulation — evidence  of  vioUnt  and 
transient  action  on  pre-existing  land—mammalian  remains 
beneath  northern  drift  in  Cefn  Cave — gravel  works  of  Talargoek 
mine — conchiferous  diluvium  of  Ireland--^iluvial  depos^its  of 
the  south-east  of  England — investigation  of  diluvial  phenomena 
too  much  neglected, — Recent  discovery  of  a  forest  beneath  dilu- 
vium^ by  Mr.  Lyell, 

Distribution  of  Mammalian  Remains  in  Tertiary  and  Superficial 

Accumulations. 

The  mammalian  remains  of  the  miocene  and  eocene  epochs  are 
found  under  the  following  variety  of  conditions : 

1.  Drifted  into  seas  and  estuaries,  accompanied  by  marine  shells, 
and  sometimes  covered  with  balani  and  flustrsc,  showing  that  they 
had  remained  for  a  considerable  time  as  bare  bones  at  the  bottom  of 
the  sea ;  contemporary  with  these,  were  accumulations  on  the  surface 
of  the  land. 

2.  In  lacustrine  and  fluviatile  deposits  mixed  with  land  and 
freshwater  shells,  as  at  North  Cliff,  near  Market  Weighton,  in 
Yorkshire,  at  Brentford,  Stratford,  and  other  places  in  the  valley  of 
the  Thames,  besides  numerous  localities  in  other  parts  of  England 
and  on  the  Continent. 

3.  In  caverns,  such  as  the  Kirkdale  Cave  in  Yorkshire,  which 
appears  to  have  long  been  the  abode  of  hyaenas,  by  whom  the 
remains  of  various  animals  were  dragged  in  for  food.  Into  others, 
as  the  bear  caverns  of  Franconia,  the  animals  may  merely  have 
retired  to  die. 
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4.  Glazing  quadrupeds  have  fallen  into  open  fissures,  and  their 
bones  accumulating  during  a  long  period,  and  mixed  with  debris  of 
the  rock,  have  been  cemented  by  the  infiltration  of  carbonate  of  lime 
into  osseous  breccias,  such  as  that  of  Nice,  Gibraltar,  and  the 
Mendip  Hills.  These  open  fissures  are,  in  many  cases,  connected 
with  caves,  and  have  been  the  means  by  which  bones  were  intro- 
duced into  them,  currents  of  water  carrying  them  forward,  and 
lodging  them  with  pebbles  and  silt  wherever  there  was  a  hollow  iu 
the  floor. 

5.  Remains  of  terrestrial  mammalia  are  found  in  accumulations 
of  alluvial  gravel,  covered  by  lava.  Bones  of  quadrupeds  belonging 
to  the  miocene  period,  are  so  entombed  under  some  of  the  lavas  of 
the  extinct  volcanos  of  Central  France,  which  commenced  their 
action  in  the  eocene  epoch. 

6.  Another  condition  under  which  mammalian  remains  occur,  is 
mixed  with  marine  shells,  all  of  existing  species,  and  with  large 
boulders  and  smaller  detritus  transported  from  a  great  distance,  by 
extraordinary  marine  currents  which  traversed  land  as  well  as  sea. 
Strange  as  it  may  appear,  this  deposit,  though  one  of  the  most 
recent,  is  that  about  which  geologists  know  the  least.  It  has  been 
its  constant  fate  to  be  the  sport  of  hasty  generalization.  First,  it 
was  treated  as  the  eftect  of  atmospheric  erosion  on  dry  land,  its 
transport  was  attributed  to  river  agency,  or  the  bursting  of  lakes, 
and  it  was  aj)pealed  to  as  a  proof  of  the  high  antiquity  of  our  present 
continents.  When  it  was  found  that  in  the  British  Islands,  in 
Northern  Europe,  and  North-eastern  America,  the  superficial 
deposits  aftbrded  evidence  of  the  violent  action  of  extraordinary 
curre!its  from  the  north,  all  the  transported  matter  of  these  different 
regiouy,  and  not  of  these  only,  but  of  the  whole  world,  was  assumed, 
on  insufticient  evidence,  to  have  been  contemporaneous,  and  was 
ascribed  to  the  Noachian  deluge;  and  because  the  marine  and 
hvcustrine  strata  of  the  miocene  and  pliocene  era  contained  the  same 
manniialian  remains,  they  were  all  confounded  with  it  under  the 
name  of  diluvium. 

In  the  course  of  a  few  years,  it  was  discovered  that  the  lacus- 
trine and  marine  strata  afforded  unequivocal  proofs  of  slow  accumu- 
lation, that  they  represented  at  least  two  zoological  epochs,  gradu- 
ating into  each  other,  and  into  that  of  the  older  tertiaries  of  the 
Paris  basin,  and  that  the  introduction  of  the  species  constituting 
the  existing  creation  was  gradual.  Proofs  were  also  collected  of 
local  elevations  of  the  land,  and  of  the  littoral  deposits  surrounding 
it,  either  by  a  process  of  long-continued  and  imperceptible  intume- 
scence, or  by  successive  movements  of  a  few  feet  at  a  time,  from  thq 
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shocks  of  earthquakes;  in  some  instances,  since  the  neighbour- 
ing land  had  been  inhabited  by  man  (the  coasts  of  Naples  and 
Sweden),  in  other  cases  (the  Moroa,  Isle  of  Jura,  Devonshire),  at 
an  epoch,  the  date  of  which  could  not  bo  determined  with  ^eater 
precision  than  that  the  elevation  took  place  after  the  neighbouring 
seas  were  inhabited  by  the  groups  of  testaceous  species  at  present 
existing  in  them. 

About  the  same  time  it  was  found  that  the  dctrital  deposits 
drifted  from  the  north,  contained  in  various  parts  of  the  British 
Isles  (Wales,  Cheshire,  Lancashire,  Shropshire,  and  Ireland)  broken 
marine  shells  of  existing  species,  and  they  were  immediately  seized 
upon  by  some  influential  geologists  as  raised  beaches  or  littoral 
deposits  accumulated  during  a  long-protracted  epoch,  and  raised  to 
their  present  situations  by  movements  of  elevation  of  unequal 
intensity. 

A  careful  examination,  however,  of  the  phenomena  of  this 
transported  detritus  shows  that  this  opinion  is  quite  untenable ;  for, 
in  the  first  place,  the  deposit  manifests  none  of  those  indications  of 
gradual  formation  which  are  found  in  undoubted  sea-born  strata ; 
and,  secondly,  it  aflbrds  proofs  of  violent  and  transient  action  and 
rapid  accumulation ;  and,  lastly,  it  can  be  shown  that  at  least  one 
ossiferous  cavern,  within  the  area  of  the  northern  drift  of  England, 
into  which  it  has  entered,  was  inhabited  by  terrestrial  mammalia 
before  this  shelly  gravel  was  spread  over  the  surface. 

At  the  same  time  it  nmst  be  admitted  that,  while  the  greater 
part  of  this  tumultuous  deposit  spread  over  the  British  Isles  was 
supraterrestrial,  other  portions  of  it  were  submarine,  and  have  been 
brought  to  light  by  the  local  elevation  of  parts  of  the  coast  of  our 
island,  so  that  they  are  seen  covered  by  a  raised  littoral  deposit  at 
Speeton,  on  the  coast  of  Yorkshire  (Phillips),  or  by  an  estuary 
deposit  on  the  banks  of  the  Clyde  (J.  Smith)  ;  but  there  is,  as  yet, 
no  well  established  instance  in  the  British  Islands  of  one  of  these 
elevated  marine  deposits  at  a  greater  height  than  100  feet,  and  their 
elevation  above  the  sea  is  generally  much  less. 

It  appears,  then,  that  ossiferous  caverns  and  raised  beaches  must 
be  studied  in  connexion  with  erratic  blocks  and  diluvium.  Taking 
them,  according  to  our  views,  in  chronological  order,  they  would 
stand  thus :  ossiferous  caverns,  diluvium,  raised  beaches.  We  shall, 
however,  deviate  somewhat  from  this  order  in  treating  of  them  ; 
first  pointing  out  the  phenomena  of  bone  caverns,  indicative  of  their 
having  long  been  inhabited  by  terrestrial  animals;  we  shall  then 
discuss  the  evidence  afforded  by  raised  beaches  and  littoral  deposits  of 
long  submergence  and  gradual  accumulation ;  and,  lastly,  we  shall 
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deecribe  the  diluvial  deposits  of  the  British  Islands,  to  which,  in  th« 
present  state  of  our  knowledge,  it  is  best  to  limit  our  generaliiationB, 
because  their  epoch  is  determined  by  the  presence  of  marine  aa  well 
as  tertestrial  renuiins,  and  we  shall  point  out  the  circumsiancea  in 
which  they  differ  from  raised  beaches  and  regular  marine  strata. 

Ossiferous  Caverns. 

Ossiferous  caverns  are  generally  situated  in  limestone,  not  that 
the  bones  have  any  necessary  connexion  with  that  rock,  but  that 
caverns  are  more  abundant  in  calcareous  rocks  of  all  epochs,  particu- 
larly when  they  constitute  thick  beds,  than  in  those  of  a  different 
nature.  Their  communication  with  the  surface  by  means  of  fissures 
and  swallow-holes  may  frequently  be  traced,  and  it  is  by  no  means 
uncommon  to  find  them  the  channels  of  subterranean  rivers ;  and 
even  when  these  are  absent,  they  are  generally  wet  from  the  perco* 
latiou  through  the  stone  of  water  holding  calcareous  matter  in 
solution,  which  it  deposits  as  crusts  of  stalagmite  on  the  floor  and 
sides,  or  as  stalactite,  pendent  like  icicles  from  the  roof. 

We  may  therefore  ascribe  the  origin  of  these  caverns  to  fissures, 
produced  during  some  movement  of  elevation,  and  enlarged  by  the 
solvent  power  of  acidulated  water. 

Osseous  caverns  and  fissures  abound  in  every  part  of  the  world. 
They  are  too  numerous  even  to  give  a  mere  list  of  them.  There 
arc  many  instances  of  them  in  England,  in  the  south  and  east  of 
France,  in  the  Ardennes,  the  Hartz,  Franconia,  Wirtemburg, 
Switzerland,  America,  India,  and  Australia.  They  abound  with 
the  remains  of  elephants,  large  animals  of  the  feline  family,  rhino- 
ceros, stag,  liyjena,  ox,  deer,  and  other  smaller  animals. 

On  comparing  the  osseous  contents  of  the  different  caverns  of  a 
given  district,  as  England,  we  ^  find  them  possessing  a  certain 
general  analogy,  and  distinguished  by  characteristic  differences  from 
those  of  another  district,  as  Germany.  This  local  peculiarity  is  an 
important  fact,  as  proving,  in  addition  to  other  evidence  furnished 
by  the  state  of  the  remains,  that  the  animals  were  inhabitants  of 
the  districts  where  their  bones  are  found,  and  it  is  also  an  argu- 
ment in  favour  of  the  existence  in  those  situations  of  extensive 
tracts  of  continuous  land,  constituting  distinct  zoological  provinces. 

The  caverns  of  Germany  (Gailenruth,  Scharzfield,  Rabenstein, 
with  many  others,  too  numerous  to  mention,)  are  described  by 
Cuvier  as  exhibiting  nearly  an  identity  of  species  for  an  extent  of 
200  leagues,  by  far  the  greatest  portion  of  the  remains  contained 
in  them  being  referrible  to  two  extinct  species  of  bear,  (ursus 
spelieus,  and  ursus  arctoideus,)  the  remainder  consisting  of  an 
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extinct  hyssna,  (the  same  species  as  that  of  many  of  the  English 
caverns,)  a  felis,  glutton,  wolf,  fox,  and  polecat.  The  extinct  pachy- 
derms of  the  eocene  period  have  never  been  found  in  any  cavern. 
The  bones  brought  from  Australia  are  referred  by  Mr.  Cliift  to  the 
kangaroo,  wombat,  dasyurus,  kaola,  and  phalangista,  most  of  them 
of  species  now  inhabiting  that  country.  Three  or  four  were  un- 
known to  zoologists,  and  one,  larger  than  the  rest,  was  supposed  by 
Mr.  Clifil  to  belong  to  the  hippopotamus. 

Caves  of  Germany, 

In  the  German  caverns,  the  bones  are  generally  enveloped  in 
sediment  consisting  of  a  brown  argillaceous  earth  or  mud,  containing 
a  considerable  proportion  of  animal  matter,  covered  by  stalagmite, 
and  having  stalagmite  difiiised  through  it.  They  are  sometimes 
scattered  singly  through  all  parts  of  the  mud,  from  the  entrance  to 
the  inmost  recesses  of  the  cave,  sometimes  accumulated  in  masses 
twenty  feet  in  depth.  These  accumulations  generally  occur  in 
hollows  in  the  floor.  The  animal  remains  are  not  met  with  as 
entire  skeletons,  but  as  detached  bones  from  different  parts  of 
animals  of  all  ages.  The  skulls  and  heavier  bones  are  generally  in 
the  lower  part  of  the  mass,  the  longer  and  lighter  bones  in  the  upper 
part.  The  floor  on  which  they  rest  is  sometimes  worn  and  polished, 
by  the  walking  or  rubbing  of  the  animals.  Rounded  pebbles  some- 
times accompany  the  bones,  which,  in  that  case,  are  much  crushed, 
but  not  when  the  sediment  is  destitute  of  pebbles.  The  inferences 
from  these  facts  are,  that  the  caverns  had  remained  open  for  a  long 
period,  and  had  been  inhabited  by  carnivorous  animals,  or  had  been 
retreats,  into  which  bears,  according  to  their  well-known  habits,  had 
retired  for  shelter  or  to  die  in  quiet ;  and  that  the  pebbles  were 
drifted  in  by  a  current  of  water  from  the  neighbouring  country. 
Of  the  nature  of  that  current,  there  are  now  differences  of  opinion. 
It  was  once  considered  coeval  with  the  dispersion  of  the  Scandina- 
vian boulders,  which  are  spread  over  the  sandy  plains  of  Northern 
Europe,  from  the  Baltic  to  the  banks  of  the  Niemen,  the  Dwina, 
and  the  Neva,  was  assumed  to  be  contemporaneous  with  erratic 
gravel  and  boulders  in  all  other  parts  of  the  world,  and  ascribed  to 
the  Noachian  deluge. 

Many  geologists  now  attribute  the  collection  of  the  mud  and 
pebbles  within  the  caves  to  inundations  of  the  neighbouring  rivers, 
or  to  the  action  of  subterranean  currents  which  received  them  from 
fissures  into  which  the  carcases  fell. 

The  position  of  the  entrance  of  these  ossiferous  caverns  in  cliffs 
overhanging  rivers  or  the  sea,  at  a  considerable  elevation  above  the 
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existing  streams  and  coasts,  and  in  situations  extremely  difficult  of 
access — a  fact  of  very  common  occurrence  even  in  cases  where  the 
caves  must  have  been  inhabited  dens — renders  it  probable  that  there 
has  been  a  change  of  level,  either  by  erosion  or  elevation,  or  by  both, 
since  the  period  when  they  were  frequented  by  the  animals  whose 
remains  are  found  in  them.  Kirkdale,  Rabenstein,  and  Bauman^s 
Hold,  afford  examples  of  this.  At  ]3auman's  Hohl,  the  river  Bode, 
flowing  formerly  at  a  higher  level,  may  have  thrown  the  pebbles  and 
silt  into  the  cave'*s  mouth ;  that  of  Zahnloch  does  not  admit  of 
river  agency  for  their  introduction,  as  it  is  situated  on  a  hill  600 
feet  above  the  valley  of  Muggendorf,  and  the  bones  occur  in  loam 
mixed  with  angular  pieces  of  limestone.  In  those  cases,  by  far  the 
most  common,  where  there  is  but  one  deposit  of  mud  covered  by 
one  layer  of  stalagmite,  it  must  be  admitted  that  the  inundation, 
whatever  its  nature,  which  introduced  the  pebbles  was  succeeded 
by  a  long  interval  of  repose,  during  which  the  calcareous  crust  was 
formed;  but  cases  occur,  as  at  Chockier,  near  Liege,  in  which 
several  deposits  of  ossiferous  sediment  are  separated  by  stalagmite. 
In  tliese  caves  there  must  have  been  several  successive  inundations. 

EnaU'fh  Cares.     KirhJale. 

Kirkdale  Cave  in  Yorkshire,  and  Kent'*s  Hole  near  Torquay, 
are  instances  of  dens  which  have  been  inhabited  by  hyrenas.  We 
shall  confine  ourselves  to  a  description  of  that  of  Kirkdale  as  the 
most  characteristic.  It  is  situated  in  a  very  thick  part  of  the 
coralline  oolite,  on  the  northern  side  of  the  Vale  of  Pickering, 
about  thirty  feet  (according  to  a  recent  measurement  by  Professor 
Phillips)  above  the  stream  of  the  Hodge  Beck.  The  entrance  is 
supposed  to  have  been  blocked  up  with  stones  and  rubbish,  and  the 
cave  was  discovered  by  an  opening  made  into  it  laterally  in  working 
a  quarry.  The  length  explored  is  about  250  feet.  Soon  after  its 
discovery  it  was  carefully  examined  by  Dr.  Auckland,  who  has 
described  the  floor  as  nearly  level,  and  conformable  to  the  stratifi- 
cation of  the  limestone.  The  roof,  likewise,  is  formed  by  a  nearly 
level  bed  of  rock,  and  is  in  general  so  low  that  a  man  cannot  stand 
upright  in  the  cave,  except  in  two  or  three  places  where  there  are 
open  fissures.  The  bottom  is  covered  with  a  yellow  sediment,  the 
surface  of  which,  when  the  cave  was  first  explored,  was  nearly 
smooth  and  level,  except  where  its  regularity  was  broken  by  the 
accumulation  of  stalagmite,  or  ruflled  by  the  dripping  of  water.  It 
consists  of  an  argillaceous  and  slightly  micaceous  loam,  composed  of 
such  minute  particles  as  would  easily  bo  suspended  in  muddy  water, 
and  is  mixed  with  much  calcareous  matter  derived  in  part  from  the 
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dropping  of  tlie  roof,  and  m  part  from  comminuted  bonee.  Towards 
the  interior  it  beoomea  more  coarse  and  sandy.  Beneath  thia  sedi- 
ment, the  solid  rock  was  partially  covered  with  ettalagmite,  which 
had  been  formed  before  the  introduction  of  the  mud.  Bones  were 
dispersed  thrau^^h  this  mud  at  all  depths,  and  were  found  in  the 
midst  of  the  upper  stalagmite,  and  sticking  up  through  it.  See  the 
annexed  diagram  from  Reliquiis  DUwciance. 


The  bones  were  those  of  the  following  animals: — Camiaora: 
hyrona,  tiger,  bear,  wolf,  fox,  weasel.  Pachtfdermata :  elephant, 
rhinoceros,  hippopotamus,  horse.  Ruminantia:  os,  and  three 
species  of  deer.  Rodentia:  hare,  rabbit,  water-rat,  and  mouse, 
Birdti :  raven,  pigeon,  lark,  a  small  species  of  duck,  and  a  bird  about 
the  size  of  a  thrush. 

The  most  numerous  remains  were  the  bones  and  teeth  of  the 
hynna.  They  were  found  m  the  jaws  in  every  stage  of  growth, 
from  the  milk  teeth  to  old  grinders  worn  down  to  the  stump.  The 
remiuna  of  the  ox  and  water-rat  were  very  abundant ;  the  teeth  of 
the  elephants  were  chiefly  those  of  young  animals ;  thwe  of  the 
rhinoceros  and  hippopotamus  were  rare.  The  bones  of  all  these 
animals  were  mixed  indiscriminately  together,  and  strewed  over  the 
floor  "as  in  a  dog-kennel,"  and  some  of  the  largest  bones  were 
found  in  the  narrowest  recesses  of  the  cave.  It  is  the  well-known 
habit  of  the  Cape  bysna,  after  picking  the  flesh  from  the  bones 
of  its  prey,  to  crack  them  with  its  strong  teeth,  to  suck  out  the 
marrow,  to  devour  the  small  chips  of  bone,  and  to  gnaw  and  lick 
the  more  solid  parts  which  cannot  be  reduced  to  fragments  small 
enough  to  be  swallowed.  Almost  all  the  bones  at  Kirkdale  appeared 
to  have  been  subject  to  this  treatment.  They  were  broken  by  simple 
fracture,  and  exhibited  abundant  marks  of  hymnas'  teeth.  Some  of  • 
them  were  polished  on  one  ude,  as  if  from  the  trampling  of  the 
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animals,  or  from  their  rolling  on  the  floor  strewed  with  bones.  A 
further  proof  of  the  cave  having  been  the  abode  of  hyaenas,  was 
furnished  by  the  fecal  balls  of  album  grsecum  containing  fragments 
of  bone,  which  were  found  in  it  in  considerable  quantities. 

The  conclusions  which  Dr.  Buckland  drew  from  these  facts,  and 
from  which  it  seems  impossible  to  dissent,  were  that  the  Kirkdale 
cavern  had  long  been  occupied  as  a  den  of  hysenas,  who  dragged  in 
the  entire  br  mangled  carcases  of  other  animals  inhabiting  the  neigh- 
bourhood ;  that  the  mud  had  been  introduced  by  a  flood,  after  which 
it  ceased  to  be  inhabited  by  these  animals,  and  the  sediment  became 
covered  by  a  crust  of  stalagmite,  marking  the  lapse  of  a  considerable 
period  of  time.  These  views  were  confirmed  by  comparing  the 
mangled  state  of  the  bones  in  this  oave  and  in  Kent^s  Hole,  where 
remains  of  hysenas  were  abundant,  with  their  more  perfect  condition 
in  other  caves  containing  few  or  no  hyaenas^  teeth. 

Harwell  Cave,  in  the  Mendip  Hills,  is  an  open  fissure,  containing 
bones  of  ursus,  felis,  cervus,  and  bos,  mixed  with  fragments  of  the 
limestone  rock.  The  infiltration  of  calcareous  matter  would  cement 
the  mass  into  an  osseous  breccia,  like  those  of  Gibraltar,  Nice,  &c. 

Osseous  Breccias  of  the  Mediterranean, 

Many  of  the  caves  and  fissures  on  the  shores  of  the  Mediterranean 
appear  to  have  been  marine,  and  afibrd  evidence  of  elevation.  That 
of  Nice  is  described  by  Mr.  de  la  Beche  as  a  fissure  formed  in  dolo- 
mitic  limestone.  The  sides  of  it  are  bored  by  lithodomous  molluscs, 
and  as  the  perforations  contain  shells  of  different  ages,  it  must  have 
been  long  submerged.  The  bottom  of  it  is  chiefly  filled  with  rounded 
])ebbles,  composed  of  fragments  of  rocks  transported  from  a  distance, 
and  cemented  by  a  compact  calcareous  base ;  the  upper  part  is  filled 
with  broken  bones  of  land  animals,  marine  and  freshwater  shells 
and  detritus,  chiefly,  but  not  entirely,  derived  from  the  neighbour- 
hood, and  united  by  a  reddish  calcareous  cement. 

Cate  of  San  Ciro.  The  caves  and  osseous  breccias  of  San  Giro 
and  Beliemi,  near  Palermo,  described  by  Hoffinan  and  Dr.  Christie, 
afford  some  curious  phenomena.  That  of  San  Ciro  is  distant  about 
two  miles  from  Palermo,  is  twenty  feet  high,  and  ten  feet  wide,  and 
is  situated  in  secondary  limestone  in  the  Monte  Grifone,  at  the  base 
of  a  rocky  precipice,  about  180  feet  above  the  sea.  From  the  foot 
of  the  precipice  an  inclined  plane  of  conglomerate,  containing  shells 
of  species  now  inhabiting  the  Mediterranean,  extends  to  the  sea, 
distant  about  a  mile.  It  contains  fragments  of  the  yellow  newer 
pliocene  limestone,  (see  page  375,)  and  is  therefore  younger  than  it. 
Its  sea-shells  attest  its  marine  origin,  and  perforations  on  its  calca- 
reous pebbles  prove  it  to  have  been  long  beneath  the  sea.     Of  the 
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same  a^^e  with  this  is  the  bone  breccia.  This  is  not  confined  to  the 
cave,  but  forms  a  great  part  of  the  external  talus,  whore  it  rests 
immediately  upon  the  conglomerate  or  raised  beach,  and  is  about 
twenty  feet  thick.  The  breccia  is  composed  of  numerous  fragments 
of  bones,  with  some  rolled  pieces  and  blocks  of  limestone,  cemented 
together  by  a  little  lime  or  clay;  and  it  has  some  appearance  of 
stratification,  indicating  a  deposit  from  water.  The  bones  were 
pronounced  by  Cuvier  to  be  those  of  the  elephant,  hippopotamus, 
and  deer,  with  a  few  of  a  carnivorous  animal  of  the  genus  canis. 
Immediately  above  the  level  of  the  raised  beach,  serpulas  are  found 
adhering  to  the  rock,  and  the  limestone  is  perforated  by  lithodomi. 
Within  the  grotto  also,  at  the  same  level,  and  beneath  the  osseous 
breccia,  similar  perforations  are  so  numerous,  that  the  rock  was 
compared  by  Hoffman  to  a  target  pierced  by  rausket-balls.  Many 
of  the  bones  are  rolled,  as  if  partially  subjected  to  the  action  of  the 
waves.  Beneath  the  breccia  is  a  bed  of  fiand,  filled  with  marine 
shells,  resting  on  the  limestone  of  the  cave.  Above  the  level  of  the 
marine  sand  the  rock  is  jagged  and  uneven,  as  is  usual  on  the  sides 
and  roofs  of  limestone  caverns ;  below  the  sand  it  is  smoothed  and 
polished,  as  if  by  the  attrition  of  the  waves.  Many  ship-loads  of 
bones  have  been  removed  from  the  cave.  In  a  cave  near  Syracuse, 
above  the  level  of  the  sea,  formed  in  tertiary  rocks,  there  is  a  breccia 
of  the  same  age  as  that  of  San  Giro,  containing  similar  bones  and 
marine  shells,  which  has  not  only  been  worn  by  water  since  its 
deposition,  but  its  substance  has  been  perforated  by  lithodomi. 
From  these  circumstances  it  is  inferred  by  Dr.  Christie  that  the 
extinct  mammalia  whose  bones  are  found  in  the  breccia,  must  have 
lived  at  a  period  long  posterior  to  tliat  in  which  the  Mediterranean 
began  to  be  inhabited  by  its  present  species  of  molluscs,  radiata,  and 
zoophytes,  and  before  the  last  movement  by  which  a  great  part  of 
Sicily  was  raised  above  the  sea.  At  Beliemi,  four  miles  west  of 
Palermo,  Dr.  Christie  visited  two  other  caves :  in  the  one,  bones 
are  only  found  in  a  talus  at  its  mouth ;  in  the  other,  they  occur 
both  in  the  cave  and  in  a  talus  which  slopes  from  its  mouth  to  the 
level  of  the  plain  below.  These  caves  are  at  a  greater  height  than 
the  other  tertiary  rocks  have  attained  in  that  neighbourhood,  and 
neither  the  caves  themselves,  nor  the  bone  breccias,  have  any  appear- 
ance of  marine  action ;  from  which  he  inferred  that  the  breccias  of 
Beliemi  were  above  the  surface  of  the  sea  at  the  time  that  of  San 
Giro  was  beneath  it,  and  that  the  present  heights  mark  the  extent  of 
the  last  movement  of  elevation  to  which  Sicily  has  been  subject*. 

*  ProeemHnfft  qf  tht  G€otogieal  Soekif,  vol.  i.^  p.  336 ;  and  PrineipU*  of  Otoiogjf^ 
▼oL  iv.y  p.  6ft. 
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It  may  be  as  well  also  to  mention  that  be  notices  m  dilurial 
deposit,  of  which  he  distiDgoisbes  two  kinds,  diflering  in  age.  The 
oldest  is  of  the  same  era  as  the  conglomerate  and  bone  breccia, 
occurs  at  considerable  heights  on  the  sides  and  smnmita  of  the  hilk, 
and  is  composed  of  large  rolled  fragments  of  sandstone,  with  a  few 
fragments  of  tertiary  rocks,  cemented  by  a  sandy  clay.  The  new^ 
diluvium  occupies  the  bottom  of  the  valleys  sometimes  to  ineat 
depths,  and  with  fragments  of  older  rocks,  enveloped  in  a  great 
quantity  of  gray  clay,  contains  pieces  of  the  conglomerate  itself. 

We  have  detailed  the  phenomena  of  the  cave  of  San  Giro  thus 
minutely,  because  when  the  case  of  Ce(n  Cave,  in  Denbighshire, 
which  contains  marine  and  terrestrial  remains,  was  brou<yht  under 
the  notice  of  the  Newcastle  meeting  of  the  British  Association,  Mr. 
Lyell  treated  the  two  cases  as  parallel,  whereas  it  appears  impossible 
for  two  cases  to  be  more  dissimilar,  the  marine  remains  being  in 
the  one  case  beneath,  in  the  other  above,  the  bones ;  as  will  be  seen 
when  we  come  to  the  description  of  Cefn  Cave,  which  it  will  be 
best  to  postpone  till  we  treat  of  erratic  blocks  and  diluvium,  with 
which  its  phenomena  are  so  intimately  connected.  We  shall,  there- 
fore, proceed  to  the  consideration  of  raised  beaches  and  littoral 
deposits,  of  which  the  cave  of  San  Ciro  aflfords  one  instance. 

Raised  Beaches. 

If  we  examine  any  of  our  existing  shores  we  shall  find  that  they 
may  be  divided  into  three  portions  : 

1.  That  comprised  between  the  high  water  of  spring  and  neap 
tides. 

2.  That  comprised  between  the  high  water  of  neap  tides  and  the 
extreme  low  water  of  i^ring  tides. 

3.  An  expanse  of  sand  and  gravel,  of  greater  or  less  extent  in 
proportion  to  the  flatness  or  steepness  of  the  shore,  never  laid  diy, 
but  covered,  even  at  the  lowest  ebb,  by  shallow  water. 

These  may  be  called  high-water  beaches,  low-water  beaches, 
and  littoral  sea-bottoms. 

A  high  water  beach  is  distinguished  by  the  following  characters : 
A  terrace  of  shingle  is  thrown  up,  more  or  less  steep,  composed  of 
smooth  round  pebbles,  mixed  with  which  are  a  few  whole  and 
many  broken  shells.  The  rocks  that  bound  the  coast,  and  points 
of  rock  projecting  through  the  beach,  as  well  as  large  boulders  lying 
on  it,  are  polished  and  worn  into  hollows  by  the  action  of  the 
breakers.  The  rounded  calcareous  pebbles  contained  in  it  exhibit 
nearly  obliterated  traces  of  lithodomous  perforations. 

A  low-water  beach  usually  presents  a  gently  sloping  surface, 
often  thickly  strewed  with  pebbles  and  blocks,  with  intervening 
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patches  of  sand.  The  pebbles,  being  not  so  much  disturbed  as  near 
the  line  of  high  water,  are  less  water- worn ;  calcareous  pebbles  and 
rocks  are  perforated  by  lithodomi,  and  non-calcareous  pebbles  are 
incrusted  with  balani  and  serpulae ;  the  lower  parts  of  rocks  and 
large  boulders  are  partially  water- worn,  but  the  upper  surface,  and 
any  of  the  lower  parts  that  are  protected  fi*om  the  finding  actidn 
of  the  waves  charged  with  sand  and  pebbles,  are  covered  with  balani, 
&c.,  often  so  thickly  that  the  entire  surface  is  concealed  by  them. 
Small  patches  of  sand  between  the  boulders  and  pebbles  are  inha- 
bited by  several  species  of  testacea,  and  in  crevices  of  the  rooks,  or 
between  the  boulders  and  pebbles,  are  wedged  whole  or  partially 
broken  shells,  the  valves  of  conchifers  being  generally  but  not  inva- 
riably separated. 

The  incrustations  are  more  numerous,  and  the  whole  shells  more 
abundant,  on  that  part  of  the  shore  constantly  covered  by  shallow 
water ;  and  on  flat  coasts,  and  in  the  wider  part  of  straits,  like  the 
Menai,  there  are  banks  of  saud  left  dry  at  half  tide,  and  inhabited 
by  conchifers,  such  as  cardium  edule,  solen  vagina,  tellina  solidula^ 
whose  dead  shells  are  buried  in  the  sand  in  great  quantities,  with 
the  two  valves  united.  Beds  of  mytilus  cdulis  are  found  adhering 
to  banks  and  rocks,  partially  uncovered  at  low  water. 

To  these  may  be  added  a  fourth  case  of  bold  clifis,  the  base  of 
which  is  never  left  dry  by  the  recess  of  the  tide,  and  on  such  clif& 
the  line  of  high  water  is  marked  by  caverns  and  hollows  worn  in 
the  rock  by  the  action  of  the  breakers.  The  base  of  the  rock,  which 
is  wholly  covered,  or  seldom  long  uncovered,  is  incrusted  with 
balani  and  serpulae,  and  when  calcareous  bored  by  lithodomi. 

Proofs  of  Recent  Elevation  in  many  parts  of  the  World,  Innu- 
merable examples  of  elevation  of  land,  and  in  some  instances  of  suc- 
cessive elevations,  attested  by  one  or  other  of  the  above  effects  of 
littoral  action,  and  occurring  at  various  heights  above  the  level  of 
the  sea,  have  lately  been  collected  by  the  industry  of  observers  in 
all  quarters  of  the  world.  In  the  coral  islands  of  the  Pacific,  in 
Sicily,  Iceland,  and  the  coast  of  Chili,  these  alterations  of  level  are 
found  within  the  range  of  active  volcanos.  In  Great  Britain  and 
Ireland,  and  on  the  coast  of  Sweden,  they  have  taken  place  in 
countries  where  volcanic  action  is  extinct  or  quiescent,  and  where 
violent  shocks  of  earthquakes  are  seldom  felt. 

In  the  following  countries  elevations  have  taken  place  since  they 
were  inhabited  by  man.  Oscillations  of  the  coast  near  Naples  are 
proved  by  molluscous  borings  on  certain  parts  of  the  columns  of  the 
Temple  of  Serapis,  near  Puzzuoli ;  and  it  can  be  ascertained  that 
this  depression  and  re- elevation  took  place  between  the  third  cen- 
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tury,  when  inaoriptions  on  the  temple  prove  it  to  have  been  in  it» 
original  position,  and  the  beginning  of  the  sixteenth  century,  when 
it  is  on  record  that  its  site  was  still  submerged  *. 

In  the  Island  of  San  Lorenzo,  near  Lima,  works  of  art  of  Peru- 
vian numufaoture  were  found  among  beds  of  shells  of  the  speoies 
inhabiting  the  adjacent  seas,  evidently  imbedded  at  the  same  time 
with  the  shells,  and  elevated  eighty-five  feet  above  the  sea  -f-. 

Scandinavian  Penimula  ititt  Riting. 

Sweden  affords  an  instance  of  the  gradual  and  imperceptible  rise 
of  land  continued  to  the  present  time.     The  fact  had  long  been 
suspected,  on  the  evidence  of  rocks  elevated  above  the  water,  which 
were  known  to  have  been  sunken  reefs, — seaports,  in  the  Oulf 
of  Bothnia,  become  inland  cities, — small  islands  joined  to  the  con- 
tinent,— and  old  fishing  grounds  deserted  from  the  shallownesB   of 
the  water.    Celsius,  who  drew  attention  to  these  phenomena  about 
a  century  ago,   attributed  them  to  a  gradual  subsidence  of  the 
Northern  Ocean,  which  he  estimated  at  about  forty  inches  in  a 
century.     This  opinion  was  controverted  by  many  contemporary 
philosophers,  because  of  the  impossibility  of  such  subsidence  in  the 
seas  of  any  one  region  without  a  general  sinking  of  the  waters  of 
the  whole  earth,  of  which  other  countries  afibrded  no  evidence. 
They  even   denied  the  fact  of  a  change  of  level  in  the  Baltic, 
appealing  to  the  position  of  certain  towns  on  its  southern  shores,  as 
Lubeck,  Stralsund,  &;c.,  which  were  as  little  elevated  above  the  sea 
as  at  the  era  of  their  foundation,  and  they  ascribed  to  the  accumu- 
lation of  sediment  discharged   by  rivers  into  an  inland  sea  the 
increase  of  shoals,  and  the  other  phenomena  of  the  Oulf  of  Bothnia, 
pointed  out  by  Celsius.     Playfair  admitted  the  change  of  level,  but 
denied  the  subsidence  of  the  sea,  and  contended  that  it  was  due  to 
a  gradual  rise  of  the  land.     Von  Buch,  after  having  examined  the 
country,  in   1807,  declared  that  the  whole  of  Scandinavia,  from 
Frederickshall  in  Sweden,  to  Abo  in  Finland,  and  perhaps  to  St. 
Petersburgb,  was  insensibly  rising ;  and  he  founded  his  opinion,  not 
only  on  information  derived  from  the  inhabitants,  but  from  having 
met  with  marine  shells  of  existing  species  at  several  points  on  the 
coast,  considerably  elevated  above  the  sea.     In  order  to  ascertain 
the  truth  on  a  point  which  had  given  rise  to  so  much  controversy, 
the  Royal  Academy  of  Stockholm  had  caused  marks  to  be  cut  on 
the  rocks  in  various  places  along  the  coast,  indicating  the  ordinary 
level  of  the  water  in  a  calm  day;  and  as  the  Baltic  is  nearly  a 

*  Consult  Principle*  nfGeology^  vol.  ii.,  p.  324. 
t  Mr.  C.  Darwin,  as  cited  by  Mr.  Lyell,  Elemenit  of  Geology,  p.  296. 
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tideless  sea,  it  affords  great  facilities  to  such  observations/  On  an 
examination  of  these  marks,  in  1820,  they  were  found  to  indicate  a 
change  of  levels  but  the  amount  had  not  been  equal  in  equal  periods 
of  time,  and  new  marks  were  fixed  as  a  guide  for  future  observers. 

On  examining  these  fourteen  years  afterwards,  Mr.  Lyell  was 
satisfied  that  in  the  interval  the  change  of  level  had  amounted,  in 
certain  places  north  of  Stockholm,  to  as  much  as  four  or  five  inches ; 
and  that  it  diminished  from  north  to  south,  being  less  near  Stock- 
holm than  in  the  upper  part  of  the  Gulf  of  Bothnia,  while  in  Scania, 
the  southern  province  of  Sweden,  it  was  imperceptible. 

That  this  change  of  level  was  caused  by  the  rise  of  the  land, 
not  by  the  partial  draining  or  filling  up  of  an  inland  sea,  is  proved 
by  the  western  or  Atlantic  coast,  between  Uddevalla  and  Gothen- 
berg,  exhibiting  the  same  indications  of  a  change  of  level  as  the 
shores  of  the  Gulf  of  Bothnia ;  that  it  has  been  in  progress  for  a 
long  period,  is  indicated  by  the  fact  that  marine  remains,  all  iden- 
tical with  existing  species,  are  found  at  various  heights,  amounting 
to  200  feet,  and  in  the  northern  part  of  Norway  to  as  much  as  400 
feet.  This  fact,  first  announced  by  Von  Buch,  has  been  confirmed 
by  Brongniart  and  Lyell,  the  two  last  observers  having  found 
balani  adhering  to  the  rocks  to  prove  their  long  submergence. 
The  greatest  distances  from  the  sea  at  which  marine  remains  have 
been  found,  are  about  fifty  miles  on  the  side  of  the  Atlantic,  and 
seventy  miles  on  that  of  the  Gulf  of  Bothnia.  Marine  shells  of 
existing  species  have  also  been  collected  at  inland  places  near 
Drontheim,  in  Norway,  but  there  is  reason  to  believe  that  the 
elevatory  process  is  now  stationary  there.  In  the  province  of  Scania 
there  are  indications  of  depression  and  re-elevation,  like  that  of  the 
Temple  of  Serapis,  at  Puzzuoli ;  for  in  making  an  excavation  an 
ancient  hut,  on  the  floor  of  which  was  a  rude  fire-place  with  cinders 
and  charred  wood,  was  found  beneath  sixty-four  feet  of  marine 
strata.  The  observations  of  MM.  Pingel  and  Graah  seem  to  prove 
that  Greenland  is  undergoing  a  movement  of  an  opposite  kind  to 
that  which  is  taking  place  in  Sweden,  for  the  habitations  of  the 
Esquimaux,  and  of  the  early  Danish  colonists,  are  now  submerged 
at  high  water. 

Raised  Beaches  of  the  British  Isles. 

Although  we  have  no  proofs  that  the  British  Islands  have  been 
elevated  since  they  were  inhabited  by  man,  we  have  around  our 
shores  many  raised  beaches,  attesting  elevation  since  the  existing 
species  of  molluscs  were  established  in  the  adjoining  seas.  These 
have  been  found  on  the  coast  of  Banifishire,  at  from  six  to  twelve  feet 


392  RAUKD   BIACHn  OT   THB   BBITMH    IlLEi. 

above  tbe  reach  of  the  highest  tide  (Prestwich)  ;  in  the  Vallej  of 
the  Forth  (Boue  and  Machuren) ;  at  Speeton,  covering  the  lower 
parte  of  the  diluvial  cUSb  (Phillips) ;  at  Brighton,  beneath  tbe 
elephant  or  diluvial  bed,  about  twelve  feet  above  the  sea  (Mantdl) ; 
at  Plymouth,  and  other  parts  of  the  southern  coast  of  Devonshire, 
at  various  heights  not  exceeding  seventy  feet  (Hennah  and  Austen); 
in  Barnstable  Bay,  seventy  feet  (Sedgwick  and  Mnrchison);  in 
Cheshire  at  the  base  of  the  Forest  Hills,  beneath  diluvium  at  the 
height  of  seventy  or  eighty  feet  (Sir  P.  Egerton).  Periap$,  at 
about  the  same  height,  at  the  mouth  of  the  Clywd  in  Denbigfaahirei 
and  at  Preston  in  Lancashire,  likewise  beneath  diluvial  aoeomu- 
lations ;  but  the  evidence  is  not  satisfactory,  and  if  raised  beaches 
exist  at  these  points,  their  elevation  does  not  exceed  a  hundred  feet, 
the  marine  shells  which  accompany  the  northern  erratics  at  greater 
heights  not  being,  per  sBy  any  proof  of  elevation. 

On  the  banks  of  the  Clyde,  at  Glasgow,  Paisley,  Oreenock,  also 
near  Loch  Lomond,  an  estuary  deposit,  containing  marine  and 
terrestrial  remains,  and  bearing  abundant  marks  of  gradual  accu- 
mulation, covers  diluvial  or  boulder  clay,  at  various  heights,  from 
thirty  to  seventy  feet  above  the  sea  (J.  Smith).  In  tibe  Isle  of 
Jura,  six  or  seven  terraces  of  smooth  round  pebbles,  like  those  of  the 
adjoining  beach,  are  found  at  various  successive  heights,  up  to  forty 
feet  above  the  sea,  accompanied  by  lines  of  caves  in  the  clifis,  appa- 
rently sea- worn  (Captain  Vetch). 

In  Ireland  the  only  deposits  of  recent  shells  at  present  known, 
containing  unequivocal  proofs  of  slow  accumulation,  are  found  in 
the  county  of  Derry  on  the  banks  of  the  Foylo,  in  the  neighbour- 
hood of  Dundalk,  and  at  the  head  of  Carlingford  Bay.  In  the  two 
first-named  places  the  height  does  not  exceed  twenty  feet  above 
the  sea,  and  it  is  probably  not  more  at  Carlingford,  though  the 
amount  of  elevation  has  not  been  ascertained,  or  at  least  is  not 
stated'*^. 

The  conchiferous  gravel,  accompanying  northern  boulders  in 
Caernarvonshire  and  other  parts  of  North  Wales,  and  in  Lancashire, 
Cheshire,  and  Shropshire, — also  in  Ireland,  on  the  coasts  of  the 
counties  of  Dublin  and  Wicklow, — is  classed  by  some  of  our  most 
eminent  geolo^sts,  (Murchison,  Lyell,  and  Phillips,)  with  raised 
beaches ;  but  we  have  ventured  to  exclude  it  from  the  list,  being 
convinced  by  a  long  and  careful  examination  of  it,  that  it  aflbrds  no 
proofs  of  long  submergence,  and  of  the  action  of  ordinary  marine 
currents,  but  many  of  rapid  accumulation  on  the  surface  of  the  land. 

*  Journal  qf  Geological  Society  qf  Dublin,  vol*  i.^  part  3|  p.  ISO  and  3661 
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The  deposits  of  the  county  of  Wexford  require  further  investigation 
before  it  can  be  decided  whether  any,  and  what  portion  of  them) 
afford  proofs  of  elevation. 

Erratic  Blocks;  Diluvium. 

(Northern  I>rift;  Till;  Boulder  Formation;  Terrain  de  Transport; 

Mud  Clijffi.) 

Under  this  head  we  include  deposits  of  clay,  sand,  and  gravel, 
containing  either  marine  shells  of  existing  species,  or  mammalian 
remains  of  extinct  species,  or  both,  affording  no  proofs  of  long  sub- 
mergence, many  of  rapid  accumulation.     Amidst  much  local  detri- 
tus, these  deposits  contain  fragments  which  may  be  traced  to  their 
parent  rocks,  often  more  than  a  hundred  miles  distant.     These  frag- 
ments are  frequently  many  tons  in  weight,  and  then  acquire  the 
name  of  erratic  blocks.     The  mode  of  their  distribution  indicates 
the  direction  of  the  currents  by  which  they  were  transported,  show- 
ing them  to  have  been  of  extraordinary  energy,  capable  of  surmount- 
ing great  inequalities ;  yet  respecting,  in  some  degree,  the  present 
general  configuration  of  the  surface.     Checked  in  their  course  by 
mountain  barriers,  they  have  in  places  surmounted  them,  and  have 
descended  from  the  points  where  they  effected  a  passage  along  the 
present  valleys,  but  without  reference  to  the  levels  of  existing  drain- 
age, the  lines  of  which  they  generally  follow,  but  often  cross.     The 
mass  of  the  detritus  is  less  water-worn  than  that  of  a  river  or  a 
beach,   and  is  generally  heaped  confusedly  together,  without  any 
indications  of  regular  stratification,  and  without  reference  to  the 
size,  magnitude,  or  specific  gravity  of  the  component  materials; 
fragments  derived  from  various  quarters,  large  and  small,  rounded 
and  angular,  being  imbedded  in  clay  or  fine  sediment,  in  which  huge 
boulders  are  enveloped,   sometimes  in   positions  into  which  they 
would  not  have  settled  by  the  force  of  gravity.     These  deposits  are, 
however,  occasionally  stratified,  or  even  finely  laminated ;  but  the 
stratification  is  persistent  over  small  spaces  only ;  the  same  bed  is 
rarely  continuous  for  300  yards  ;  the  most  finely  laminated  portions 
pass  on  the  same  plane  into  the  unstratified,  and  have  never  yet 
furnished  an  instance  of  a  layer  of  shells,  in  different  stages  of  growth, 
following  laminae  of  stratification,  nor  of  a  bivalve  shell  with  the 
two  valves  united.     They  are  destitute,  with  two  exceptions  which 
will  be  noticed  hereafter,  and  which  admit  of  easy  explanation,  of 
lithodomous  perforations  on  their  calcareous  pebbles,  and  of  marine 
incrustations  on  those  which  are  not  calcareous,  neither  have  incrus- 
tations or  perforations  been  found  on  the  rocks  beneath  them ;  but 
their  surface  is  marked  by  scratches,  grooves,   and  indentations, 
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named  hy  Sir  Junes  Hall  "  dreBsings,^  Or  the  surface  of  the  rocks 
exhibits  indications  of  an  ancient  weathering,  older  than  the  tnuu- 
ported  matter.  These  indications  consiHt  of  a  rnbbly  mass  of  angu- 
lar fragments,  and  are  most  strikingly  exhibited  in  the  aoffc  slate 
rocks,  traversed  by  numerous  horizontal  joints.  The  upper  part  of 
such  rocks  is  bent  and  broken  beneath  the  incumbent  diluTiotn ; 
some  of  the  angular  fragments  are  dispersed  through  it,  but  they 
frequently  form  a  layer  between  the  rook  and  the  transported  matter, 
or  have  been  lifted  up  bodily  (see  annexed  diagram,  196)  and 
enveloped  in  it. 
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The  general  direction  of  the  diluvial  currents,  by  which  this 
heterogenous  mass  was  distributed  over  the  British  Isles,  has  been 
from  north-west  to  south-east,  modified  however  by  the  local  con- 
figuration of  the  surfiice.  Commencing  at  the  Ultima  Thule,  we 
find  strong  traces  of  a  diluvial  current,  noticed  by  Mr.  Murchison 
and  Professor  Sedgwick,  having  a  direction  n.n.w.  and  s.s.e.  on  the 
hills  of  the  Brora  district  of  Sutherland *.  The  "  Till''  of  the  south- 
west of  Scotland,  already  mentioned  (p.  372),  contains  boulders  of 
rocks  which  can  be  traced  to  a  more  northern  region,  and  some  blocks 
of  Scottish  rocks  have  crossed  the  Solway  Frith.  The  local  nature 
of  the  gravel  below  the  openings  of  the  valleys  which  descend  from 
the  Grampians,  appears  quite  compatible  with  the  action  of  a  great 
current  traversing  that  range,  as  will  be  shown  hereafter  when  advert- 
ing to  the  same  phenomena  in  parts  of  the  Cambrian  mountains. 

Dispersion  of  Cumbrian  Erratics  to  the  East  and  South. 

The  dispersion  of  the  granitic,  syenitic,  and  porphyritic  detritus 
of  the  mountains  of  Cumberland,  southwards  as  far  as  Worcester- 
shire, and  eastwards  to  the  mouth  of  the  Humber,  is  highly  iustruc- 
tive ;  the  phenomena  have  been  studied  by  numerous  observers,  the 
scattered  masses  are  easily  identified  with  their  parent  rocks,  and  the 
district  from  which  they  have  been  derived  is  small  and  well  defined. 
Boulders  from  these  mountains  have  been  driven  eastward  across 
the  limestone  ridge  of  Orton  and  the  vale  of  Eden, — a  pre-existing 
valley,  filled  with  new  red  sandstone.  They  have  crossed  the  Penine 
chain,  but  only  at  one  point,  and  that  the  lowest  pass  opening 
directly  to  the  west,  about  1400  feet  above  the  sea,  nearly  level 
with  the  present  summits  of  the  mountains  whence  they  were 
derived,  and  900  feet  above  the  vale  of  Eden.  The  summit  of  the 
pass  of  Stainmoor  attained,  they  have  rolled  down  the  eastern  slope 
of  the  Penine  chain,  have  traversed  the  vale  of  Tees  to  Redcar,  and 
the  vale  of  York  to  the  Humber.  The  oolitic  and  chalk  ranges 
of  the  moorlands  and  the  wolds,  have  opposed  obstacles  to  their 
passage  eastward  similar  to  that  presented  by  the  Penine  chain, 
though  on  a  smaller  scale,  and  these  obstacles  have  been  surmounted 
in  a  similar  manner  at  their  lowest  points ;  so  that  blocks  of  granite 
from  Shap  Fells  are  found  near  Scarborough  and  Flamborough  Head. 
Detritus  from  the  Cumberlandjimountains  has  likewise  been  borne 
eastward  to  the  mouth  of  the  Tyne,  along  the  depression  caused  by 
the  Tynedale  fault  at  the  northern  termination  of  the  Penine  chain, 
though  the  streams  flowing  in  that  direction  are  quite  unconnected 
with  the  mountains  from  which  the  detritus  was  derived. 

*  Proceedings  <^  the  Geological  Society,  vol.  i.,  p.  34. 
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Parallel  to  the  course  of  the  Penine  chain,  a  small  portion  of  the 
Cumbrian  erratic  blocks  have  gone  northwards  along  the  vale  of 
Eden  to  Carlisle,  and  an  immense  quantity  of  them  has  be«i 
drifted  southwards,  by  Lancaster,  and  the  narrow  tract  between  the 
mountains  and  the  sea,  crossing  the  drainage  of  the  Lune,  Ribble, 
Wyre,  Weaver,  Mersey,  and  Dee,  and  spreading  into  the  valleys  of 
the  Severn  and  the  Trent.  Blocks  of  large  size  are  found  as  far  to 
the  south  as  Bridgnorth,  from  which  point  they  decrease  in  size 
and  quantity,  and  pass  off  into  coarse  gravel  composed  of  the  same 
materials,  which  gradually  dies  off  into  the  fine  gravel  and  silt  of 
the  vale  of  Gloucester. 

Marine  Shells  in  Diluvium, 

Marine  shells  of  existing  species  accompany  the  erratic  blocks  in 
their  course  from  the  banks  of  the  Ribble  to  Bridgnorth.     The  large 
blocks  are  not  confined  to  the  surface,  as  was  once  supposed,  but  are 
dispersed  through  the  gravel,  sand,  and  clay.     Neither  are  they 
confined  to  the  valleys,  but  are  found  at  various  heights  on  the 
northern  flanks  of  the  Wrekin   and  Haughmond  Hills,  and   the 
northern  skirts  of  the  old  red  sandstone  district  of  Herefordshire, 
into  which,  according  to  Mr.  Murchison,  they  have  not  penetrated, 
the  detritus  of  that  region  being  wholly  local.     This  circumstance 
he  endeavours  to  explain  by  supposing  that  Wales  and  Siluria  were 
separated,  up  to  a  very  recent  epoch,  from  England  by  a  strait  of 
the  sea,  the  eastern  shore  of  which  was  bounded  by  the  Cotswold 
Hills,  and  that  granitic  and  other  northern  boulders  were  transported 
on  ice  and  deposited  at  the  bottom  of  this  sea.     An  objection  to  this 
hypothesis  is  their   rounded  and  waterwom  condition,  and   their 
diminution  in  size  and  quantity  from  north  to  south.     Another 
formidable  objection  is  the  absence  of  all  proof  (except  the  presence 
of  marine  shells)  that  the  northern  drift  is  a  marine  deposit  slowly 
formed,  such  as  would  be  found  in  the  bed  of  any  of  our  existing 
straits,  if  laid  dry  by  movements  of  elevation.     It  contains  neither 
marine  incrustations,  nor  drilled  pebbles,  boulders,  and  rocks,  nor 
layers  of  shells,  nor  groups  of  particular  species,  nor  bivalve  shells, 
with  the  two  valves  united. 

We  have  discussed  this  question  at  greater  length  than  our 
present  limits  will  permit  in  a  communication  to  the  Geological 
Society  of  Dublin,  to  which  we  shall  refer  *• 

Diluvial  Deposits  of  North  Wales. 
Returning  to  the  banks  of  the  Dee,  the  same  detrital  deposits, 

*  Journal  (if  the  Geological  Society  of  DMitif  voL  uLf  part  4. 
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with  fragmsnts  of  rocka  de- 
rived from  Oumberl&Dd,  and 
marine  shells,  may  be  traced 
^ong  the  nortbern  skirts  of 
the  Welsh  mountains,  hy 
Cheater,  Holywell,  St.  Asaph, 
Abergele,  and  down  the  west- 
em  flanks  of  that  chain  to  the 
the  south-west  extremity  of 
Caernarvonshire.  Granitic  de- 
tritus gradually  diminishes  in 
quantity  and  size  from  the 
Dee  to  the  Conwy,  so  as  no 
longer  to  deserve  the  name  of 
erratic  blocks.  In  the  district 
between  the  Monai  and  the 
Snowdonian  chain,  an  area  of 
seventy  square  mites,  it  be- 
comes extremely  rare ;  the  de- 
tritus is  chiefly  local,  and  has 
descended  from  the  Snowdo- 
nian mountains  by  the  lines 
of  existing  drwnage,  though 
at  higher  levels  than  those  of 
the  present  streams.  Within 
this  area  fragments  of  granite 
have  only  been  detected  at 
eight  pointe,  and  marine  shells 
at  four.  One  of  these  is  near 
the  summit  of  Moel  Tryfan, 
which  is  1392  feet  above  the 
sea,  and  distant  from  it  be- 
tween six  and  seven  miles, 
both  on  the  side  of  the  Menai 
and  of  Caernarvon  Bay.  The 
shelly  gravel  of  this  spot  has 
so  ohen  been  spoken  of  in 
geological  works  as  a  raised 
beach  as  to  render  it  necessary 
to  repeat  that  it  contains  none 
of  the  characteristics  already 
enumerated  of  a  beach  or  sea- 
bottom.     It  rests  on  a  layer, 
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»bout  two  Teet  thick,  t^mgnUr  fnginents  <^the  sabjacent  rock.  Tb« 
•heUs  sod  the  fr^meots  trMisported  from  »  distaoce  are  ooUeetod 
in  coTuiderable  sbundaDce  od  ooe  snuU  spot  near  the  sammit,  on 
the  side  exposed  to  the  aea  on  the  Dortfa.  On  its  t^posite  alape 
granitic  detrittu  becomes  extremeljr  rare,  and  marine  sibells  an 
wholly  wantiog,  and  in  two  excaratioos  on  that  ride,  only  1500 
yards  frooi  the  pit  containing  the  shells,  the  mass  consists  at  about 
twen^  feet  of  angular  fr^:meuts  of  the  snbjacent  rock  (slate  in  one 
ease,  sandstone  in  another),  covered  by  loam  and  sanit,  eontaining 
partially  abraded  felspathic  blocks  and  pebbles,  derived  from  the 
neigbbonring  summit  of  Stfynydd  Mawr,  two  or  three  of  which  are 
mixed  with  the  mass  of  angular  Augments.  The  diagram  (197) 
represents  a  section  of  the  country  frtun  the  Meoai  to  Moel  Tryfan. 
The  promontory  which  divides  the  bays  of  Cardigan  and  Caer- 
narvon is  covered  ^th  diluvial  deposits  of  variable  thickness,  bot 
frequently  exceeding  a  hundred  feet.  They  consist  of  sand,  clay,  and 
gravel,  changing  rapidly  from  one  to  the  other,  throngh  which  toe 
dispersed  broken  marine  shells,  and,  amidst  much  local  detritus, 
fragments  derived  from  the  north  and  west.  Granite  is  rare,  bat 
they  affitrd  fragments  of  Antrim  chalk,  often  rerj-  slightly  abraded. 
The  clay  appearo  to  agree  in  composition  with  the  pebbly  clay  of 
Holdemess,  described  by  Professor  Pliillips,  and  is  identical  in 
character  with  that  of  the  clilTs  near  Abergele,  and  of  the  opposite 
coasts  of  Ireland,  differing  only  in  those  different  localities  in  the 
nature  of  the  fragments  indicating  distant  transport. 


a.  Bock,  black  state  at  tiie  base — cblorite  slate  at  the  summit. 

b.  Angnlar  fragments  of  black  elate. 

e.  Breccia,  en  plant,  composed  of  small  aoguUr  detrittu  of  black  ilatA 

and  chlorite  slate,  cemented  by  a  loamy  base — no  shells. 
d.  Loam  and  sand,  with  partially  worn  bouldera — shells. 

The  south-western  termination  of  this  promontory  aSbrds  several 
instances  of  the  accumulation  of  the  transported  matter  with  abells, 
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covering  masses  of  angular  detritus  of  the  rock  immediate!}'  sub- 
jacent, which  may  be  supposed  to  have  accumulated  slowl/  under 
the  atmosphere,  after  the  manner  of  a  talus,  or  to  have  been  collected 
from  the  weathered  Horface  of  a  bare  rock  by  the  first  rush  of  the 
diluvial  currents.  The  preceding  diagram  (198)  represents  one  of 
these  cases  in  Aberdaron  Bay. 

ft  has  been  contended  that  these  angular  masses  may  have  been 
fcHiued  by  movements  of  elevation,  subsequently  to  the  deposition  of 
the  transported  matter ;  but  this  is  most  clearly  disproved  by  a  fact 
observable  in  the  sea  cliff  at  the  base  of  the  rock  on  which  Criccieth 
Castle  stands,  where  a  narrow  tongue  runs  off  from  the  angular  mass 
into  the  midM  of  the  diluvial  deposit. 


a.  Qaarts  rock. 

b.  Ancient  talus,  eompoMd  of  angular  fh^menla  of  the  above. 

e.  Tongue  of  angnlai-  trtgiueatM,  numiDg  from  the  talua  into  the  bonlder 
'         depoeit. 
d.  Loam,  with  honlden — ao  ahelk. 

These  accumnlatlons  of  angular  debris  could  never  have  retuned 
their  present  character,  if  formed  slowly  beneath  the  sea.  They 
must,  in  that  case,  have  been  abraded  and  dispersed. 

It  is  to  be  observed,  that  the  upper  or  transported  depoeit  in  this 
section  (199)  contains  no  fragments  of  sheila,  though  its  base  is 
washed  by  the  sea.  This  is  the  general  character  of  the  deposit  at 
the  head  of  Cardigan  Bay,  where  it  is  protected  by  the  mass  of  the 
Snowdonian  mountains  from  the  sea  on  the  north,  and  the  detritus 
assumes  a  more  local  aspect,  being  destitute  of  granitic  fragments; 
hut  the  northern  direction  of  an  extraordinary  current  is  still  indi- 
cated by  the  presence  of  huge  boulders  derived  from  the  Snowdonian 
chain.  This  circumstance  appears  inexplicable  on  the  hypothesis  of 
gradual  submarine  formation,  but  in  accordance  with  that  of  great 
currents  from  the  north  traversing  pre-existing  land;  and  the  local 
nature  of  the  detritus  of  South  WaJes,  observed  by  Mr.  Murchison, 
of  the  Grampians,  and  other  monntain  chains,  may  probably  be  due 
to  the  same  cause. 
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The  Conchi/erons  Diluvium  coven  Mammalian  Remains  in 

Ce/n  Cave. 

But  the  strongest  evidence  of  the  accumulation  of  this  trmii»- 
ported  detritus  on  the  surface  of  dry  land,  is  to  be  fonnd  in  Cefn 
Cave  in  the  Vale  of  Clwyd,  situated  in  a  district  overspread  with 
detritus  from  Cumberland,  and  at  a  point  which  connects  the  emUic 
gravel  of  the  eastern  and  western  sides  of  the  Cambrian  chain. 

The  cliifii  of  carboniferous  limestone  which  form  the  gorge  of  the 
Elwy,  a  little  above  its  junction  with  the  Clwyd,  contain  aeverml 
caverns,  only  one  of  which  has  as  yet  been  much  explored.  It  com- 
municates with  the  surface  by  fissures,  and  has  an  entrance  from  the 
face  of  the  cliff,  about  one  hundred  feet  above  the  river,  and  two 
hundred  above  the  sea.  The  lowest  parts  yet  examined,  are  about 
ten  feet  high,  and  are  filled  very  nearly  to  the  roof  with  sedimentary 
deposits,  containing  bones  and  teeth  of  the  hysena,  bear,  and  rhino- 
ceros. These  are  found  in  two  strata,  separated  by  a  crust  of  stalag- 
mite. The  lowest  is  below  the  lever  of  the  entrance  from  the  boe 
of  the  cliff,  and  contains  bones  and  teeth,  enveloped  in  sediment, 
and  mixed  with  smooth  pebbles,  like  those  of  the  adjacent  river,  and 
with  fragments  of  wood*.  It  is  covered  by  a  crust  of  stalagmite, 
and  above  that,  the  cave  is  filled  nearly  to  the  roof  with  calcareous 
loam,  containing  bones  and  angular  fragments  of  limestone,  on  the 
surface  of  which  are  sand  and  marl,  containing  fragments  of  marine 
shells,  like  those  dispersed  over  the  neighbouring  district "f-.  •The 
sediment  within  the  cave  is  generally  finely  laminated.  This  cavern 
has  been  compared,  as  we  have  already  observed,  to  that  of  San 
Ciro ;  but  they  differ  in  these  important  particulars,  that  in  the  Cef/n 
Cave  there  are  no  lithodomous  perforations  in  the  limestone^  that 
the  marine  remains  are  confined  to  the  upper  part,  and  that  the 
lower  deposit  of  pebbles  and  bones  is  covered  by  a  crust  of  stalag- 
mite. This  last  fact,  whether  the  cave  was  or  was  not  a  den  of 
hyaenas,  proves  that  it  was  sub-aerial  for  a  considerable  time  after 
the  formation  of  the  lower  deposit,  and  before  it  was  visited  by 
a  marine  inundation.  The  marks  of  teeth  on  some  of  the  bones, 
leave  little  doubt  that  the  cave  was  inhabited  by  carnivora ;  and  the 
identity  of  character  which  exists  between  the  pebbles  and  silt 
below  the  stalagmite,  and  those  of  the  river  in  times  of  flood,  points 
to  the  river,  when  having  a  different  relative  level  with  respect  to 
the  cave,  as  the  source  from  which  they  were  derived. 

*  Bev.  £.  Stanley,  Bishop  of  Norwich.  Proeeedmgt  <^f  Geologioal  Society, 
Tol.  i.,  p.  402. 

f  See  a  oommanioation  by  the  Author  to  the  GeologietU  Society  of  Dublin,  and 
the  Proceedings  of  the  British  Association  Newcastle  Meeting, 
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The  upper  deposit  may,  perhaps,  be  attributed  to  the  waters  of 
the  river,  pent  back  by  the  advance  of  the  current,  the  close  of 
which  introduced  the  marine  remains  through  fissures  in  the  roof. 
The  difference  between  the  present  levels  of  the  mouth  of  the  cave 
and  the  river,  may  be  explained  by  erosion,  both  before  and  since 
the  marine  inundation,  or  it  may  be  attributed  to  a  movement  of 
elevation,  or  to  a  combination  of  the  two,  erosion  acting  slowly 
while  the  surface  was  stationary,  and  with  rapidity  during  the  eleva- 
tory  process.  Dr.  Trail  considers  that  he  has  discovered  proofs  of 
this  elevation,  in  the  inclination  of  the  laminae  of  the  sediment  of 
the  cavern,  and  their  conformity  to  the  dip  of  the  beds  of  limestone. 
This  fact  escaped  our  notice,  but  the  presence  of  drilled  calcareous 
fragments  in  the  lower  part  of  the  gravel-works  of  Talargoch  Mine, 
near  the  mouth  of  the  Clwyd,  about  five  miles  from  the  cave,  may, 
perhaps,  be  deemed  an  indication  of  a  raised  beach,  occurring  at 
that  point  beneath  the  diluvial  deposit. 


a.  Level  of  the  entrance  of  the  cave. 

b.  Deposit  of  mud,  covered  by  stalagmite,  and  containing  bones,  with 

rounded  pebbles  of  grauwacke  and  limestone,  and  pieces  of  wood*  \ 
e.  Mud,  bones,  and  angular  fragments  of  limestone. 

d.  Sand  and  silt,  with  fragments  of  marine  shells. 

e,  A  fissure  communicating  with  the  surface. 

/.  Northern  drift  spread  over  the  surface  of  the  country. 
p.  Portion  of  the  cave  cleared  of  mud. 
h.  River  Elwy,  100  feet  below  the  cave. 
t.  Limestone  rock. 

Detrital  DeposiU  of  Talargoch  Mine.  At  this  mine  a  considerable 
quantity  of  lead  was  formerly  extracted  from  a  detrital  deposit  of 
great  depth  analogous  to  the  stream  tin-works  of  Cornwall,  and  it 
afforded  a  curious  mixture  of  marine  and  terrestrial  remains,  bones 
and  horns  of  deer  and  trunks  of  trees  being  associated  with  marine 
shells  of  existing  species.  The  phenomena  were  not  so  closely 
examined  as  was  desirable  while  the  gravel-works  were  in  activity, 

2  li 
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and  beiDgnow  discontinued,  the  mode  in  which  the  marine  and  ter- 
rastrial  remains  were  associated  is  involved  in  tiiueli  obscurity.  Tha 
fullowing  facts,  however,  may  be  relied  on.  The  upper  part  of  the 
detrital  deposit  contains  granitic  fragments  and  broken  marine  dielli^ 
but  DO  drilled  calcareous  pebbles,  nor  is  the  limeatone  beneath  it  pw- 
forated.  The  rubbish  brought  from  the  lower  part  c^  the  gravel- 
works  which  contained  the  detrital  lead,  (often  in  masses  weighing 
many  tone,)  has  afforded  fraf[inente  of  marine  shells,  and  rounded 
and  drilled  calcareous  pebbles,  mixed  with  many  that  are  angular  m 
slightly  abraded.  On  the  other  hand,  the  bones  of  stags,  derived 
Irom  these  works  and  mixed  with  marine  shells,  exhibit  few  or  no 
marks  of  attrition.  This  ia  the  only  part  of  North  Wales  in  which 
perforated  pebbles  have  been  found  above  the  level  of  the  existing 
beaches,  and  if  there  has  been  any  local  elevation  at  the  mouth  of  the 
Clwyd  the  rocks  of  the  vicinity  must  sooner  or  later  aflbrd  pheno- 
mena corroborative  of  it :  if,  however,  there  be  a  raised  beach  here, 
it  is  quite  clear  that  it  is  distinct  in  its  characters  from  the  trans- 
ported detritus  with  shells. 

The  aunexed  diagram  (201)  represents  the  detrital  deposits  of 
Talargoch  Mine. 
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a.  limestone  rock.  * 

i.  Leftd  Tern. 

t.  Detrital  depodl,  coolaiiiiiig,  In  the  low«r  part,  ebells,  Uhim,  and  frag- 
menta  of  lead. 

Cottcii/eroua  Dilutium  of  Ireland. 
If  from  Great  Britain  we  now  turn  to  Ireland,  we  find  it  exten- 
sively covered  with  transported  matter,  indicating  the  action  of 
powerful  currents.  The  deposits  consist  chiefly  of  long  narrow  ridges 
or  mounds,  known  by  the  provincial  name  of  Eskers,  and  the  direc- 
tion of  their  longest  diameters  indicates  that  the  currents  proceeded, 
aa  in  England,  from  the  north  and  west ;  but  other  proofs  of  this  are 
to  be  found  in  the  distribution  of  fragments  derived  from  particular 
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quarters.  The  hard  chalk  of  the  county  of  Antrim  is  as  easily  iden- 
tified in  aheap  of  gravel  as  the  granite  of  Shap  Fell,  and  its  original 
site  is  as  well  defined.  Fragments  of  this  chalk  are  dispersed  in 
considerable  quantities  to  the  south,  through  the  counties  of  Dublin 
and  Wicklow,  and  have  very  recently  been  found  in  Wexford  by 
Mr.  Griffith,  and  in  Carlow  by  Mr.  C.  W.  Hamilton.  They  have  also 
been  borne  to  the  eastward,  and  are  found  in  smaller  quantities  both 
rounded  and  slightly  abraded,  but  never  perforated,  in  the  clay  cliffs  of 
the  south-western  extremity  of  Caernarvonshire  already  mentioned. 

Dr.  Scouler,  who  first  discovered  marine  shells  in  the  detrital 
deposits  of  the  eastern  coast  of  Ireland,  has  named  them  raised 
beaches*;  but  at  the  same  time  he  identifies  them  with  the  esker 
gravel  which,  in  the  neighbourhood  of  Lough  Neagh,  ho  finds  cover- 
ing a  lacustrine  deposit ;  and  having  carefully  examined  with  him 
the  localities  pointed  out  by  him  at  Bray,  Howth,  and  Glenismaule, 
wo  found  them  of  the  same  character  as  the  diluvial  deposits  of 
England  and  Wales,  and  destitute  like  them  of  every  proof  of  slow 
accumulation.  At  Glenismaule  the  gravel  is  almost  wholly  com- 
posed of  limestone,  and  here  two  perforated  pebbles  have  been  dis- 
covered ;  but  they  bear  so  insignificant  a  proportion  to  the  mass, 
that  they  must  be  considered  as  drifted  from  the  sea  with  the  frag- 
ments of  marine  shells  rather  than  as  proofs  of  elevation.  The 
gravel  of  the  eskers  of  Ireland  is  generally  spoken  of  as  destitute  of 
marine  remains,  but  while  we  write,  they  have  been  discovered  in 
these  deposits  in  the  county  of  Cavan,  in  the  very  centre  of  the 
island,  by  Mr.  Griffith. 

Diluvial  Deposits  of  th$  SotUh-east  of  England. 

Returning  now  to  England,  it  appears  from  the  descriptions  of  Dr. 
Buckland  and  Mr.  Conybeare  that  the  Midland  Counties  are  over- 
spread by  diluvial  accumulations  containing  detritus  derived  from  the 
Welsh  border,  which  has  been  drifted  across  the  escarpments  of  the 
oolite  and  chalk  into  the  valley  of  the  Thames,  in  the  same  manner 
that  the  Cumbrian  erratics  have  been  borne  into  the  valley  of  the 
Humber. 

Do  these  two  drifts  belong  to  the  same  or  to  different  epochs ; 
and  if  to  the  same,  are  they  contemporaneous,  or  the  effects  of  suc- 
cessive transient  inundations  acting  during  one  short  epoch  ?  Their 
identity,  after  having  been  admitted  on  insufficient  evidence,  is  now 
by  some  geologists  denied,  on  evidence  which  appears  equally  insuffi- 
cient. If  we  appeal  to  organic  remains,  we  find  that  the  marine 
shells  of  the  diluvium  are  chiefly  confined  to  the  north-western 

*  Journal  qf  the  GiolofiUai  Society  </  Dublin, 
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portions  of  England,  while  the  mammalian  remains  are  most  abun- 
dant in  the  central  and  south-eastern  districts.  It  is  probable,  how- 
ever, that  many  of  the  mammiferous  deposits  hitherto  called  diluvial 
are  in  reality  lacustrine  and  fluviatile  beds  containing  land  and  fresh- 
water shells  and  covered  by  diluvial  detritus.  This  is  the  explanation 
we  are  inclined  to  offer  of  the  deposits  of  Cropthorne  in  Worcester- 
shire. It  is  certainly  the  case  with  respect  to  those  of  the  vale  of 
London,  where  ossiferous  gravel  and  loam,  containing  bones  of  the 
elephant,  rhinoceros,  hippopotamus,  ox,  and  deer,  associated  with 
terrestrial  and  fluviatile  sheUs  all  identical  with  species  now  inhabit- 
ing the  neighbourhood,  are  confined  to  the  vicinity  of  the  Thames 
and  its  tributaries,  and  are  overspread  by  loam  and  gravel  rarely,  if 
ever,  affording  mammalian  remains,  but  containing  fragments  of  far- 
transported  rocks. 

Two  brick-fields  at  Brentford  have  yielded  an  immense  quantity 
of  these  bones ;  one  of  them  is  situated  about  half  a  mile  north  of 
the  Thames  at  Kew  Bridge,  and  is  twenty-five  feet  above  the  level  of 
the  river ;  the  other  is  a  quarter  of  a  mile  eastward  of  the  Brent, 
near  its  confluence  with  the  Thames,  and  forty  feet  above  the  river. 
In  both  cases  the  ossiferous  deposits  rest  on  the  London  clay,  fre- 
quently with  a  thin  layer  of  peat  interposed,  and  are  covered  by  the 
transported  gravel  which  is  spread  over  the  elevated  plain  lying 
between  the  Uxbridge  and  the  Colnbrook  roads,  and  which,  by  an 
admixture  of  fragments  transported  from  a  distance,  appears  to  have 
resulted  from  that  current,  the  course  of  which  from  the  Welsh 
border  has  already  been  alluded  to*. 

The  Investigation  of  Diluvial  Phenomena  too  much  neglected. 

The  investigation  of  the  diluvial  phenomena  of  those  regions 
best  known  to  geologists,  can  as  yet  scarcely  be  said  to  have  com- 
menced ;  for  a  general  explanation  of  them  can  only  be  safely  based 
on  a  much  more  extensive  accumulation  of  facts  than  we  at  present 
possess.  The  solution  of  the  question,  as  far  as  regards  the  British 
Islands,  would  be  a  great  point  gained ;  but  that  cannot  be  expected 
for  many  years,  while  so  few  labourers  appear  disposed  to  apply 
themselves  to  this  branch  of  inquiry,  which  at  present  is  not  a  favour- 
ite subject  with  some  of  our  leading  geologists.  It  can  only  be 
effected  by  the  combined  exertions  of  many  local  observers.  The 
determination  of  most  of  the  necessary  facts  requires  no  great  pro- 
ficiency in  geological  knowledge.  This  is,  therefore,  an  investigation 
to  which  we  would  invite  young  geologists ;  and  exhorting  them  to 
leave  for  the  present  disputed  questions  of  geological  dynamics,  to 

•  W.  K.  TaiMMEB,  in  The  PhUotoj^iifal  Transactiont  for  1812. 
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exert  themselves  in  the  collectioa  of  facts,  by  a  careful  search  in 
the  gravel  of  their  neighbourhood  for  detritus  foreign  to  the  district^ 
and  for  fragments  of  marine  shells,  however  small.  It  has  been 
asserted,  that  they  have  not  crossed  the  oolitic  escarpment,  south  of 
the  Penine  ridge;  and  that,  therefore,  the  poikilitic  plain  of  Central 
England  must  have  formed,  up  to  a  very  recent  period,  the  bed  of  a 
strait,  dividing  England  from  Wales.  Here,  then,  an  important 
inference  is  drawn  from  a  negative  fact,  open  to  assault  along  a  very 
extended  line,  and  the  discovery  of  a  few  well-identified  pebbles  of 
Cumbrian  granite,  or  of  a  few  fragments  of  recent  marine  shells  in 
the  gravel  covering  the  watershed  which  divides  the  eastern  and 
western  drainage,  will  be  a  fact  of  great  value  in  determining  whe- 
ther the  detritus  of  the  two  sections  of  the  island  originated  in  the 
same  or  in  different  inundations  *.  When  we  have  determined  this 
point,  we  may  then  proceed  to  inquire  whether  the  dispersion  of 
northern  detritus  over  England  was  contemporaneous  with  the 
transport  of  the  Scandinavian  boulders  over  the  north  of  Germany, 
and  whether  this  again  was  coeval  with  the  distribution  of  erratic 
blocks  outwards  from  the  central  regions  of  the  Alps.  Till  these 
points  shall  be  cleared  up,  and  we  shall  have  determined  what 
regions  were  submarine,  and  what  were  converted  into  dry  land, 
having  nearly  its  present  configuration  when  the  erratic  blocks- were 
spread  over  them,  it  is  a  mere  waste  of  time  to  speculate  on  the 
causes  of  these  extraordinary  currents,  or  to  tax  our  ingenuity  to 
explain  diluvial  phenomena  by  the  operation  of  existing  forces, 
acting  with  existing  intensities. 

Recent  Discorefy  of  a  Forest  beneath  Diluvium^  by  Mr.  LyeU. 

Since  the  preceding  pages  were  written,  an  important  advance 
towards  the  settlement  of  this  question  has  been  made  in  the  sepa< 
ration,  which  Mr.  Lyell  has  effected,  between  the  diluvium  under 
the  name  of  drift  and  till,  and  the  crag  with  which  it  had  previously 
been  confounded.  From  his  recent  examination  of  the  coast  of 
Norfolk,  it  appears  that  this  drift,  both  stratified  and  unstratified, 
similar  in  character  to  that  of  Wales,  Ireland,  and  Scotland,  and 
containing  Scandinavian  boulders,  covers  an  ancient  forest  and 
freshwater  deposits  of  the  newer  pliocene  era. 

This  subterranean  forest  establishes  the  fact,  that  on  the  eastern 
side  of  the  island  the  drift  or  diluvium  accumulated  on  the  surface 

*  On  the  other  hand,  the  transient  nature  of  the  watery  action  which  trans- 
ported the  northern  drift  rests,  in  a  great  degree,  on  negative  evidence,  equally 
open  to  attack, — the  absence  of  all  those  proofs  of  slow  deposit  of  which  every 
tertiary  stratum  affords  instances.  Why  do  not  the  advocates  of  long  submerg- 
ence produce  some  of  these  t    They  can  find  them  in  aU  other  regular  strata. 
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of  pre-existing  land,  a  fact  which  had  previously  been  efitablished 
on  the  western  side  by  the  phenomena  of  Cefn  Cave.  The  grounds 
of  controversy  are  thus  reduced  within  narrower  limits,  and  are 
confined  to  the  means  by  which  the  drift  was  distributed,  whether 
by  one  or  more  advances  of  the  sea  upon  the  land,  or  by  the  subsi- 
dence and  long  submergence  of  the  latter.  Mr.  Lyell  advocates  the 
theory  of  gradual  and  long-continued  submergence*.  From  some 
facts  observed  by  ourselves  in  the  interior  of  Norfolk,  about  thirty 
miles  from  that  part  of  the  coast  examined  by  Mr.  Lyell,  we  have 
been  led  to  the  conclusion  that  there  are  two  diluvial  deposits,  the 
lowest  of  which  must  have  acquired  a  certain  degree  of  consistency 
before  the  uppermost  was  thrown  down  upon  it,  while  from  the  very 
slight  degree  of  abrasion  which  their  component  fragments  have 
undergone,  neither  of  them  could  have  been  subject  to  watery  action 

of  long  continuance  t. 

The  cliffs  of  drift  near  Cromer  and  Mundesley,  exhibit  most 
extraordinary  and  complicated  bendings  and  tortuous  foldings  of 
the  strata,  which  have  not  been  observed  in  other  parts  of  England. 
It  seems  impossible  to  explain  them  by  forces  acting  from  below, 
because  they  frequently  rest  on  undisturbed  and  horizontal  strata. 
They  are  referred  by  Mr.  Lyell  to  lateral  pressure  from  the  ground- 
ing of  drifted  ice,  on  wliich  he  supposes  the  Scandinavian  boulders 
to  have  been  borne.  For  the  transport  of  Scandinavian  boulders, 
they  may  admit  ice  to  bear  the  character  of  a  rera  causa y  who  deny 
its  agency  for  the  conveyance  of  Cumbrian  detritus  to  Bridgnorth, 
and  of  Antrim  chalk  to  Caernarvonshire,  and  it  is  a  remarkable 
fact  that  these  contortions  in  the  diluvial  drift  should  be  confined  to 
a  locality  where  the  erratics  are  traceable  to  an  ice-bound  region. 

Should  subsequent  observations  confirm  the  conjectures  thrown 
out  by  Mr.  Lyell  on  this  subject,  the  number  of  alternations  of  con- 
torted with  horizontal  strata,  will  afford  a  measure  of  the  time 
during  which  the  land  remained  submerged.  The  interval  repre- 
sented by  each  alternation  will,  of  course,  be  shorter  or  longer,  as 
we  assume  the  ice  drifts  to  have  been  an  annual  phenomenon,  or  to 
have  occurred  but  once  or  twice  in  a  century;  and  on  the  other  hand, 
if  but  one  or  two  such  alternations  can  be  found,  it  will  be  evident 

♦  This  qnestion  admits  of  an  easy  solution.  At  Brancaster,  on  the  same  coast, 
there  is  to  be  seen  at  low  water  a  submerged  forest,  or  peat  bog,  of  a  more  recent 
era,  (tliat  treated  of  in  tlie  next  chapter,)  in  which  the  substance  of  the  peat, 
wood,  and  clay,  abounds  with  perforations,  containing  the  shells  of  pholas  crispatus. 
The  presence  of  similar  perforations  in  the  subdiluvial  forest  of  Mundesley,  will 
prove  its  long  continuance  beneath  the  sea ;  their  absence  will  be  a  strong  arga- 
ment  in  favour  of  the  rapid  accumulation  of  the  diluvium. 

•f  Proceedings  of  the  Geological  Society,  vol.  iiL,  p.^lSd. 
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that  there  can  have  been  but  one  or  two  drifts  of  ice  bearing  northern 
boulders  to  the  shores  of  Newer  Pliocene  England.  These  contor- 
tions will  also  furnish  us  with  a  test  of  the  value  of  some  recent 
speculations  as  to  the  climate  of  that  era ;  for  if,  as  Dr.  Beck  and 
Mr.  Smith,  of  Jordan  Hill,  suppose  from  the  character  of  the  shells 
of  the  red  crag  and  the  raised  estuary  deposit  of  the  Clyde,  they 
were  formed  under  an  arctic  climate,  their  strata  ought  to  exhibit 
similar  contortions  to  those  which,  in  the  drift  of  Norfolk,  are  attri- 
buted to  the  lateral  pressure  of  masses  of  ice  pushing  forward  heaps 
of  boulders,  as  in  the  Gulf  of  the  St.  Lawrence  and  the  Baltic. 


CHAPTER  XX. 

Modern  Group^  separated  from  the  tertiary  series  in  England  by  ike 
erratic  block  group — uncertainty  of  the  point  in  the  gedogioal 
scale  at  which  the  human  era  commences — climate  of  the  diluvial 
epoch. — Siberian  elephant, — Post-tertiary  lacustrine  deposits  of 
Yorkshire  and  Forfarshire — submerged  forests — turf  moors"^ 
preservation  of  human  bodies  in  peat — blown  sand — human  ske- 
letons in  solid  rock  in  Guadaloupe — river  deposits — atmospheric 
action  on  rocks — erosive  action  of  rivers  in  Auvergne— falls  of 
the  Niagara — sinuosities  of  rivers — river  terraces — parallel  roads 
of  Glen  Boy — iexcavation  of  valleys — deposit  of  river  detritus 
on  the  land — vaUey  deposits — deposits  in  lakes — delta  of  the 
Rhone  in  the  Lake  of  Geneva — delivery  of  detritus  into  the  sea 
— deltas  of  the  Mediterranean. 

MODERN  GROUP. 

The  Erratic  Block  Group  separates  in  England  the  Tertiary  from  the 

Modem  Group. 

To  the  modem  group  belong  all  those  formations  now  completed, 
or  in  progress,  upon  the  surface  of  the  earth,  or  in  its  waters,  which 
contain  the  remains  of  man  and  his  works,  or  the  remains  of  plants 
and  animals  of  existing  species,  unmixed  with  any  which  are  extinct. 
The  separation  of  this,  however,  from  the  tertiary  series,  is  by  no 
means  easy.  In  England,  the  erratic  block  group  forms  tlic  point 
of  departure :  we  have  no  human  remains  below  it,  we  have  no 
elephantoid  remains  above  it  Some  geologists  deny  the  existence 
of  any  particular  epoch   characterized  by  the  transport  of  erratic 
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bouldera,  and  though  it  may  be  conceded  to  them  that  every  period 
of  eleyation  has  been  accompanied  by  the  dispersion  of  detritus 
caused  by  variations  in  the  direction  and  intensity  of  oceanic  currents, 
accompanying  changes  in  the  relative  levels  of  land  and  eea^  and 
though,  in  accordance  with  these  views,  the  conglomerates  of  the  d^d 
red  sandstone,  the  molasse  and  the  pebbly  beds  of  the  plastic  day 
may  be  classed  as  marine  alluvia,  yet  in  none  of  these  are  to  be 
found  those  huge  masses  of  transported  rock,  which  impart  to  the 
superficial  deposits  of  Europe  and  America  the  character  of  a 
boulder  formation,  and  indicate  peculiar  dynamical  agencies  opera- 
ting at  a  very  recent  period  in  the  history  of  the  earth. 

In  the  last  chapter,  we  traced  the  distribution  of  these  large 
boulders  from  Cumberland  southward  to  Bridgnorth,  and  eastward 
to  the  mouth  of  the  Humber ;  we  fixed  the  date  of  their  dispersion 
by  the  marine  remains  of  existing  species  which  accompany  them, 
both  in  Shropshire  and  Yorkshire;  and  we  showed  that  in  Denbigh- 
shire the  same  remains  not  only  accompany  the  boulders  in  the 
superficial  deposits,  but  have  penetrated  through  fissures  into  a 
cavern  where  they  are  found  in  the  upper  part  of  the  sediment  cover- 
ing the  bones  of  mammalia.  The  dispersion  of  this  detritus  was, 
therefore,  subsequent  to  the  accumulation  of  the  animal  remains  in 
the  cave,  and  to  the  period  when  the  district  was  inhabited  by  the 
rhinoceros  and  hysena. 

Mr.  Lyell  has  since  discovered  similar  proofs,  as  stated  at  the 
close  of  the  last  chapter,  of  the  accumulation  of  diluvium,  on  the 
eastern  side  of  England,  on  the  surface  of  pre-existing  land.  Evi- 
dence of  the  same  kind  is  afforded  by  the  lacustrine  deposits  near 
Market  Weighton,  in  Yorkshire.  There  a  body  of  lacustrine  marl 
twenty  feet  thick,  covered  by  diluvial  gravel,  which  forms  part  of 
the  Cumbrian  drift,  and  resting  upon  local  gravel,  was  found  to  con- 
tain bones  of  the  elephant,  rhinoceros,  and  lion,  of  the  horse,  bison, 
and  deer,  all,  or  nearly  all,  of  extinct  species,  under  circumstances  in- 
dicating tranquil  deposit  near  the  spots  w*here  they  died,  and  accom- 
panied by  thirteen  species  of  land  and  freshwater  shells,  identical 
with  those  now  living  in  the  vicinity. 

In  the  valley  of  the  Thames,  a  similar  association  of  extinct 
mammalia  with  existing  molluscs,  occurs,  as  we  have  shown,  beneath 
erratic  gravel,  likewise  transported  from  the  north-west;  and  though 
the  dispersion  of  this  last  detritus  is  not  yet  proved  to  have  been 
contemporaneous  with  the  drift  from  Cumberland,  yet,  from  the 
almost  perfect  identity  existing  between  the  two  groups  of  organic 
remains  buried  beneath  them,  it  is  evident  that  they  must  have 
been  formed  during  the  same  epoch.    An  erratic  block  period  is 
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thus  established  for  England;  but  to  that  country  the  generalization 
must  at  present  be  limited,  for  the  erratic  phenomena  of  the  north 
of  Europe  and  of  Switzerland  are  complicated  with  those  of  ice- 
bergs and  glaciers,  and  their  relation  to  the  era  of  the  bone  caverns 
is  not  established  beyond  the  fact,  that  in  Denmark  the  travelled 
boulders  rest  on  strata  containing  exclusively  existing  marine  shells, 
and  that  the  osseous  breccias  of  the  south  of  Europe  are  asso- 
ciated with  molluscs  of  existing  species,  sometimes  marine,  but 
more  usually  those  of  the  land  and  fresh  water. 

Uncertainty  of  the  point  in  the  Geological  Scale  at  tchich  the  Human 

Era  commences. 

But,  even  supposing  the  contemporaneous  origin  of  all  the 
diluvial  gravel  of  Europe  established,  we  have  no  evidence  whatever 
whether  its  formation  was  prior  or  subsequent  to  the  creation  of  man. 
That  event  may  have  taken  place  during  any  part  of  the  tertiary 
era,  when  the  presence  of  ruminantia,  and  other  animals,  so  necessary 
to  our  comfort  and  convenience,  affords  a  presumption  that  the 
earth  was  in  a  fit  state  for  the  reception  of  the  human  race.  These 
became  abundant  during  the  older  pliocene  era,  and  though  strata 
of  that  age  are  destitute  of  human  remains  in  Europe  and  America, 
we  must  remember  that  the  regions  of  Asia,  nearer  the  birth-place 
of  our  species,  are  yet  scarcely  visited  by  the  geologist.  From  the 
admixture,  in  certain  caves,  of  human  bones  and  implements,  with 
the  remains  of  extinct  animals,  it  has  by  some  been  inferred,  that 
man  was  an  inhabitant  of  Europe  while  the  elephant  and  rhino- 
ceros ^'  roamed  the  Celtic  and  Iberian  waste.**^  But  in  most  of  these 
cases,  a  careful  examination  of  the  circumstances  under  which  the 
human  remains  are  found,  clearly  proves  their  subsequent  introduc- 
tion, by  the  use  of  the  cavern  as  a  place  either  of  abode,  or  of  sepul- 
ture ;  and  with  respect  to  some  caves  in  the  south  of  France,  where 
the  proof  is  not  so  clear,  the  fact  may  be  inferred  from  the  nature  of 
the  weapons,  ornaments,  and  implements,  mixed  with  the  animal 
remains.  Th^y  are  either  Roman,  or  identical  with  those  found  in 
the  Gaulish  barrows  of  the  neighbourhood,  and  in  those  barrows  the 
remains  of  animals  which  have  been  interred  with  the  human  bodies 
belong  to  a  distinct  group  from  those  of  the  caverns. 

Climate  of  the  Diluvial  Epoch, 

The  evidence  of  organic  remains  as  to  the  climate  of  the  diluvial 
epoch,  appears  at  first  sight  somewhat  contradictory.  We  have  the 
elephant,  rhinoceros,  and  hyaena,  in  Europe,  whose  congeners  are 
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now  confined  to  the  warm  regions  of  the  earth ;  bnt  they  are 
ciated  with  the  remains  of  the  stag,  ox,  and  horse,   as  well  aa 
with  shells  marine,  fluviatile,  and  terrestrial,  which  cannot  be  dis- 
tinguished from  the  species  now  inhabiting  the  neighbourhood.     On 
the  whole,  the  presumption  is  in  favour  of  a  temperature  not  v^y 
different  from  that  prevailing  at  present  in  the  same  latitudes,  for 
we  must  remember,  that  those  remains  from  which  a  contrary  infer- 
ence might  be  drawn,  belong  to  extinct  species,  which  may  have  been 
furnished  with  a  covering,  enabling  them  to  sustain  the  winters  of 
a  northern  climate.     In  the  case  of  the  fossil  elephant  (elephas 
primigenius),  so  widely  diffused  over  Europe,  the  north  of  Asia,  and 
North  America,  we  are  certain  that  this  was  the  case,  from  the 
singular  discovery,  in  1804,  of  an  entire  carcase,  in  a  mass  of  ice, 
near  the  mouth  of  the  Lena  (lat.  70^),  in  so  perfect  a  state  of  pre- 
servation, that  when  detached  from  the  ice,  its  flesh  was  devoured 
by  the  bears.     The  skin  was  covered  not  only  with  thick  bristles, 
from  twelve  to  sixteen  inches  in  length,  but  with  reddish  brown 
hair,  four  inches  long,  beneath  which  was  wool  of  the  same  colour, 
of  the  length  of  one  inch.     More  than  thirty  pounds  weight  of  this 
fur  was  collected  from  the  sand-bank  on  which  the  carcase  fell  from 
the  icy  cliff.     The  skeleton  is  now  in  the  museum  of  St.  Petersbuig, 
with  many  of  the  ligaments  entire,  and  the  skin  remaining  on  the 
head.      A  carcase  of  a  rhinoceros  (R.  tichoriuus),  similarly  pre- 
served, and  furnished  with  a  thick  covering  of  hair,  had  previously 
been  seen  by  Pallas,  raised  from  the  frozen  soil  on  the  banks  of  the 
Wiljui,  a  tributary  of  the  Lena,  in  lat.  6 1°.     The  bones  and  teeth 
of  elephants  and  other  large  mammalia,  described  by  Kotesbue  as 
encased  in  ice  on  the  coast  of  North  America,  within  the  Arctic 
circle,  appear,  from  the  observations  of  Captain  Beechy,  to  be  in 
reality  contained  in  cliffs  of  frozen  mud,  or  sand,  the  face  of  which 
is  covered  with  a  thin  coating  of  ice,  and  it  is  probable  that  there 
has  been  a  similar  error  in  the  description  of  the  circumstances  under 
which  the  Siberian  elephant  was  discovered. 

All  the  lowlands  of  Siberia,  from  the  shores  of  the  Arctic  Sea,  to 
the  mountains  of  Central  Asia,  contain  tusks  and  teeth  of  elephants 
in  such  abundance,  and  in  such  a  high  state  of  preservation,  that  the 
fossil  ivory  is  collected  as  an  article  of  commerce.  They  are  found, 
not  in  marshes  and  alluvial  plains,  but  in  high  clif!s  of  sand  and 
clay  which  form  the  banks  of  the  rivers.  It  appears,  then,  that  on 
the  one  hand,  the  fossil  elephant  was  furnished  with  clothing, 
adapting  it  for  a  residence  in  higher  latitudes  than  the  living  species 
can  inhabit,  and  on  the  other  hand,  that  Siberia  must  have  enjoyed 
a  climate  sufficiently  temperate  to   have  furnished   a  vegetation 
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capablo  of  supporting  herds  of  the  large  mainimalia  which  roamed 
its  now  frozen  plains. 

In  the  cases  of  carcases  preserved  from  'putrefaction  in  frozen 
sand  or  mud,  we  may  be  certain  that  the  sediment  in  which  they 
are  enveloped,  must  have  been  soft  at  the  period  of  their  inhuma- 
tion ;  we  are  equally  certain  that  they  must  have  been  frozen  very 
soon  after  their  destruction,  and  must  have  remained  congealed  to 
the  present  time.  It  appears,  therefore,  that  the  change  of  climate 
affecting  the  Arctic  regions  must  have  taken  place  suddenly. 

Some  geologists  consider  that  they  have  discovered  evidence  of  a 
colder  climate  than  the  present  having  prevailed  at  the  close  of  the 
tertiary  epoch  in  the  latitudes  of  Great  Britain  and  Canada.  We 
have  already  noticed  the  opinions  of  Dr.  Beck,  respecting  the  Arctic 
character  of  the  shells  of  the  .crag.  On  an  examination  of  some 
fossil  shells,  identical  with  existing  species  collected  by  Captain 
Bayfield,  from  the  most  modem  deposits  near  the  Gulf  of  the  St. 
Lawrence,  Mr.  Lyell  finds  that  they  agree  more  nearly  with  Arctic 
genera  than  those  now  inhabiting  that  locality,  and  resemble  the 
fossil  shells  collected  by  him  at  Uddevalla,  in  Sweden,  whereas,  the 
shells  now  living  in  the  Canadian  and  Swedish  seas  differ  almost 
entirely.  Mr.  Smith,  of  Jordan  Hill,  has  arrived  at  similar  conclu- 
sions respecting  the  climate  of  Scotland,  during  the  same  epoch, 
from  the  character  of  the  shells  contained  in  the  raised  deposits  of 
the  basin  of  the  Clyde.  This  is  an  important  and  interesting  ques- 
tion, not  to  be  decided  hastily  from  an  examination  of  the  molluscs 
alone,  but  from  the  general  aspect  of  the  plants  and  vertebrated 
animals  which  accompany  them*. 

Post' Tertiary  Lacustrine  Deposits  of  Yorkshire  and  Forfarshire. 

The  diluvial  deposits  of  Holderness  are  covered  with  numerous 
lacustrine  deposits,  which,  amidst  a  great  variety  of  details,  present 
the  following  general  arrangement  in  the  descending  order : 

1.  Clay  of  a  fine  texture,  generally  blue. 

2.  Peat,  with  roots  of  plants ;  and  in  large  deposits,  trees,  hazel- 
nuts, horns  and  bones  of  the  ox  and  deer. 

3.  Clay  of  various  colours,  containing  freshwater  linmeas. 

4.  Peat. 

5.  Clay,  with  cyclades  and  other  freshwater  shells. 

*  Proceedings  of  the  Geological  Society ^  vol.  iii.,  p.  118.  Mr.  Smith  appears  to 
attach  some  importance,  as  an  evidence  of  climate,  to  the  abundance,  in  the  raised 
deposits,  of  c^-prina  islandica,  which  he  cannot  find  living  in  the  Frith  of  Clyde. 
This  species  is  very  abundant  on  the  opposite  coast  of  Ireland,  near  the  mouth  of 
the  Bann^  and  by  no  meanQn^re  on  that  of  North  Wales, 
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6.  Shaly  bituminous  clay. 

7.  Laminated  clay,  coarse  and  sandy,  filling  hollows  in  the 
surface. 

Of  these  beds  the  most  constant  are  1 ,  2,  3.  Remains  of  the 
red  deer  are  abundant ;  those  of  the  Irish  elk  (cervus  megaceros), 
which  are  rare  here,  are  common  in  Ireland  and  the  Isle  of  Man,  in 
lacustrine  marl,  resting  on  the  esker  gravel,  and  covered  by  the 
peat  bogs. 

Mr.  Lyell  has  described  some  lacustrine  deposits  in  Forfarshire, 
which  afford  a  marl  used  for  agricultural  purposes,  and  which  appear 
to  belong  to  this  epoch.  The  marl,  which  consists  almost  wholly  of 
the  exuviae  of  molluscs  of  existing  species,  and  contains  subordinate 
masses  of  compact  and  sometimes  crystalline  limestone,  rests  on 
detrital  deposits,  is  interstratified  with  sand,  and  covered  by  peat. 
The  organic  remains  found  in  the  marl,  besides  the  freshwater 
shells,  are  the  horns  of  bulls  and  stags,  teeth  of  the  wild  boar,  and, 
more  rarely,  the  bones,  of  the  beaver.  At  the  Loch  of  Kinordy,  a 
skeleton  of  a  stag  was  found  in  the  marl,  in  an  upright  position ;  the 
points  of  the  horns  being  near  the  surface  of  the  marl,  while  the 
feet  were  two  yards  below  it.  In  the  peat  covering  the  marl,  other 
remains  of  stags  have  been  met  with,  and  also  an  ancient  canoe, 
hollowed  out  of  the  trunk  of  an  oak. 

Submerged  Forests. 

Accumulations  of  peat  and  trees  on  the  banks  of  the  Huniber, 
covered  in  some  places  by  thirty  feet  of  silt,  like  the  "  warp ''  now 
left  by  the  river,  may  be  considered  nearly  coeval  with  the  lakes 
of  Holdemess.  The  occurrence  of  ancient  forests  or  peat  mosses 
between  high  and  low  water-mark,  is  a  very  general  phenomenon  on 
the  tidal  parts  of  rivers,  and  on  the  sea-coast,  where  they  are  exposed 
to  view  by  artificial  excavations,  or  by  the  shifting  of  the  sand  which 
covers  them. 

They  occur  on  the  shores  of  the  Hebrides,  of  Lancashire,  Cheshire, 
North  and  South  Wales,  and  the  counties  of  Devon,  Dorset,  Hants, 
Norfolk,  Lincoln,  and  York,  as  also  bordering  the  Frith  of  Forth. 
In  Ireland  we  have  observed  one  in  Youghal  Bay,  and  Mr.  De  la 
Beche  has  described  some  on  the  coast  of  Normandy.  Some  of 
the  accumulations  of  peat  and  trees  near  the  mouths  of  rivers, 
which  go  by  the  name  of  submarine  forests,  may  be  drifted  masses, 
like  the  raft  of  the  Missisippi ;  but  in  most  cases,  the  remains  of 
stumps  still  rooted  on  the  spot,  leave  no  doubt  that  the  trees  have 
grown  in  situations  which  are  now  covered  by  the  tide.  The  trees 
belong  to  species  found  in  the  inland  peat  bogs,  and  still  indigenous 


TUBF    MOORS. 


413 


to  the  island, — ^(ir,  oak,  holly,  yew,  alder,  birch,  and  hazel,  the  nuts 
of  which  occur  in  great  abundance,  together  with  the  roots  and 
leaves  of  aquatic  plants.  The  present  situation  of  these  forests  may 
in  some  cases  be  explained  by  encroachments  of  the  sea,  arising  from 
the  shifting  of  a  barrier  of  shingle ;  but  the  phenomenon  is  of  such 
general  occurrence  as  to  lead  to  the  suspicion  that  it  is  due  to  some 
general  contemporaneous  action,  and  that  a  tranquil  subsidence,  like 
that  which  is  now  in  progress  on  the  shores  of  Greenland  and  Scania, 
followed  those  movements  of  elevation  which  accompanied  or  suc- 
ceeded the  transport  of  the  diluvium.  Horns  of  the  stag  are  found 
in  some  of  them,  and  Roman  and  Celtic  weapons  are  said  to  have 
been  met  with  in  others.  Should  a  re-elevation  take  place,  the  fact 
of  their  long  submergence  will  be  proved  by  the  perforations  con- 
taining the  shells  of  pholades,  which  are  frequently  found  in  the 
substance  of  the  peat  and  the  trees. 

Turf  Moors. 

Turf  moors,  or  peat  bogs,  so  common  in  the  northern  parts  of 
the  island,  and  which  have  been  computed  to  cover  one  tenth  of  the 
surface  of  Ireland,  mark  the  sites  of  ancient  forests  which  have  been 
destroyed  by  natural  causes,  or  by  the  hand  of  man.  Peat  is  com- 
posed chiefly  of  leaves  and  roots  of  plants,  in  a  state  intermediate 
between  that  of  vegetable  matter  and  lignite.  It  contains  from 
60  to  90  per  cent,  of  matter  destructible  by  fire,  the  remainder  being 
an  earthy  residuum.  A  humid  situation  and  a  low  temperature, 
which  admits  of  vegetable  decomposition  without  putrefaction,  are 
essential  to  its  formation  ;  hence  it  is  confined  to  the  cold  regions  of 
the  earth,  is  unknown  between  the  tropics,  and  is  rare  in  the  valleys 
of  Southern  Europe.  On  the  (all  of  a  forest,  the  drainage  of  the 
atmospheric  waters  being  choked  by  the  trunks  and  branches  of  the 
prostrate  trees,  various  aquatics  spring  up  ;  among  which  the  most 
conspicuous  is  a  moss  called  sphagnum  palustre,  the  upper  part  of 
which  sends  forth  shoots,  while  the  lower  parts  are  decaying,  and 
thus  causes  a  rapid  accumulation  of  vegetable  matter.  In  most 
peat  bogs,  trunks  of  trees  are  found  in  considerable  quantities, 
which  it  is  evident  have  fallen  on  the  place  of  their  growth :  1st, 
Because  the  species  varies  with  the  nature  of  the  substratum, — oak 
prevailing  where  that  is  clay,  fir  where  it  is  sand ;  2nd,  Because  the 
'largest  trees  are  found  in  valleys,  while  they  diminish  in  size  with 
the  increase  of  elevation  ;  3rd,  But,  above  all,  because  the  roots  are 
frequently  met  with  in  the  substratum  of  clay  or  sand.  Both  in 
peat  bogs  and  submerged  forests,  the  trees  often  occur  broken  off  at 
a  short  distance  from  the  rooted  stumps,  and  all  prostrated  in  one 
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direction.  Their  .destruction  may  in  snich  cases  be  ascribed  to  hurri. 
canes.  Instances  are  recorded  of  forests  so  destroyed  in  Scotland 
during  the  seventeenth  and  eighteenth  centuries ;  and  on  the  aite  of 
one  of  them,  near  Lochbrooni,  in  Ross,  the  growth  of  the  peat  was 
so  i*apid  that  it  was  dug  for  fuel  in  less  than  fifty  years. 

Some  of  the  forests  which  are  now  turf  moors  fell  by  the  hand 
of  man.  It  was  part  of  the  Roman  policy  to  destroy  the  woods  of 
the  conquered  countries ;  and  to  this  cause  may  be  ascribed  some  of 
the  peat  mosses  of  England  and  France.  In  Hatfield  Moss,  and 
others,  Roman  works  and  weapons  have  been  found  beneath  many 
feet  of  peat.  Many  of  the  woods  of  Wales  and  Ireland  were 
destroyed  in  like  manner,  after  the  English  invasion  of  those  coun- 
tries, to  prevent  their  afibrding  shelter  to  the  natives. 

Preservation  of  Human  Bodies  in  Peat.  These,  as  well  as  ani- 
mals, are  frequently  lost  by  being  mired  in  these  bogs ;  and  as  peat 
possesses  a  peculiar  property  of  preserving  bodies  immersed  in  it, 
arising  from  the  antiseptic  quality  of  the  carbonic  and  gallic  acids, 
or  of  the  tannin  contained  in  it,  several  instances  have  occurred  of 
human  bodies  thus  immersed  escaping  decomposition  for  a  very  long 
time.  The  most  remarkable  are  those  of  a  woman,  discovered  at 
the  depth  of  six  feet  in  a  moss  in  Lincolnshire^  with  antique  sandals 
on  her  feet, — ^her  nails,  hair,  and  skin  exhibiting  scarcely  any 
appearance  of  decay ;  and  of  a  body«  clothed  in  garments  made  of 
hair,  which  was  found  in  Ireland,  buried  a  foot  deep  in  gravel, 
beneath  eleven  feet  of  peat.  No  bones  of  the  elephant  and  other 
inhabitants  of  warm  latitudes,  which  were  so  abundant  in  this 
country  before  the  diluvial  epoch,  have  been  met  with  in  any  of  our 
peat  mosses.  The  remains  are  chiefly  those  of  the  stag,  wild  bull, 
and  boar.  The  horns  of  the  stag  are  not  horns  which  have  been 
shed,  but  those  of  animals  which  have  perished,  for  they  have  por- 
tions of  the  skull  attached. 

Blotcn  Sand. 

The  fatal  efiects  of  the  sand  storms  to  the  traveller  on  the  African 
deserts  are  well  known.  The  sands  of  the  Lybian  desert,  carried 
eastward  by  the  prevailing  winds,  have  reduced  to  sterility  a  large 
portion  of  the  cultivated  lands  in  Upper  Egypt,  and  have  buried 
some  of  the  most  splendid  monuments  of  ancient  Egyptian  gran- 
deur ;  among  others,  the  celebrated  temple  of  Ipsambul,  explored 
by  Belzoni.  We  have  similar  cases,  though  on  a  smaller  scale, 
in  our  own  country,  of  human  remains  and  works  of  art  buried 
beneath  blown  sand.  In  Cornwall,  the  sandy  dunes  thrown  up  by 
the  wind  on  the  coast  have  advanced  inland,  overwhelming  ancient 
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towns  and  villages ;  and  ataong  others,  the  Saxon  church  of  Peran- 
zabulo. 

The  advance  of  these  sandy  dunes  on  the  eastern  side  of  the  Bay 
of  Biscay  has  committed  more  extensive  ravages ;  forests  and  lands 
have  been  destroyed,  with  many  villages ;  and  in  the  department  of 
the  Landes  ten  are  now  threatened,  the  sand  advancing  at  the  rate 
of  from  sixty  to  seventy-five  feet  annually. 

By  means  of  oxide  of  iron,  or  the  infiltration  of  calcareous 
springs,  these  drifted  sands  are  sometimes  consolidated  into  a  stone 
sufficiently  hard  to  afford  building  materials,  as  at  New  Quay,  and 
Crantock,  in  Cornwall. 

Human  Skeletons  in  Solid  Rock  at  Guadaloupe, 

The  rock  containing  human  skeletons  at  Guadaloupe,  appears  to 
be  of  similar  origin.  It  constitutes  an  indurated  beach  between  the 
cliifib  and  the  sea,  and  is  nearly  all  submerged  during  high  tides. 
Two  specimens  have  been  brought  to  Europe,  of  which  one  is  in 
the  British  Museum,  the  other  at  Paris.  The  matrix  in  which 
they  are  enveloped  is  extremely  hard,  consisting  of  minute  frag- 
ments of  shells  and  corals,  cemented  by  calcareous  matter.  These 
fragments  retain  their  colour,  and  some  specimens  of  shells  have 
been  found  in  the  stone,  which  have  been  identified  with  species  of 
the  neighbouring  sea  and  land.  This  kind  of  rock  is  known  to  be 
forming  daily,  not  only  in  Guadaloupe,  but  in  most  of  the  West 
Indian  Islands. 

RiVEB  Deposits. 

The  study  of  deposits  formed  by  rivers,  including  the  general 
effects  of  running  water  on  the  land  as  a  destroying  and  renovating 
agent,  constitutes  an  important  part  of  geological  investigation. 
It  makes  us  acquainted  with  the  results  produced  by  those  forces  of 
small  amount  which  we  see  in  daily  operation,  during  periods,  the 
duration  of  which  we  are  able  to  estimate ;  and  comparing  these 
results  with  phenomena  of  the  same  kind  exhibited  in  the  older 
strata,  we  learn  how  large  a  portion  of  those  ancient  deposits  has 
been  produced  by  like  forces  of  like  intensity,  and  we  are  convinced 
of  the  immense  lapse  of  ages  which  must  been  required  for  their 
elaboration. 

Rivers  are  the  channels  by  which  the  waters  of  the  ocean,  raised 
by  evaporation  into  the  atmosphere,  and  falling  on  the  earth,  are 
returned  to  the  ocean  again.  From  the  attraction  exerted  on  the 
clouds  by  regions  of  elevated  land,  rivers  usually  have  their  source 
among  ranges  of  hills,  deriving  their  supplies  either  directly  from 
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the  rains  which  fall  on  the  hills,  from  the  melting  of  ice  and  snow 
which  cover  their  summits,  or  from  water  which,  having  been 
absorbed  by,  and  percolating  through  porous  strata,  breaks  out  in 
the  form  of  springs  at  lower  leyels. 

In  the  upper  part  of  their  course  riyers  gather  detritiu,  in  the 
lower  part  they  chiefly  deposit  it. 

Atmofpkeric  Action  on  Rocii.  As  soon  as  a  river  issues  from  its 
springs  it  begins  to  collect  fragmentary  matter,  formed  bj  the 
action  of  the  atmosphere.  This  action  is  partly  chemical.  The 
hardest  rocks  are  liable  to  disintegration  from  long  exposure  to  the 
weather.  By  the  gradual  absorption  of  oxygen  from  the  air,  most 
mineral  masses  are  reduced  to  an  earthy  incoherent  state  on  the 
surface.  Water  likewise  exerts  a  solvent  power  on  the  alkaline 
and  calcareous  constituents  of  rocks,  particularly  when  it  contains 
carbonic  acid;  and  of  this  rain  water  imbibes  some  from  the 
atmosphere,  while  the  water  of  springs  contains  a  larger  portion, 
given  out  from  the  interior  of  the  earth.  But  the  action  of  the 
atmosphere  on  rocks  is  chiefly  mechanical.  They  are  shivered  by 
the  lightning ;  large  masses  are  detached  by  waterspouts  and  the 
violent  rains  of  the  tropics ;  the  furrows  on  the  surface  of  old  build- 
ings, and  of  some  of  the  hardest  rocks,  attest  the  wearing  eflTecta  of 
the  less  abundant  and  more  gentle  rain  of  our  own  climates.  There 
change  of  temperature  exerts  a  slow  and  silent,  but  constant  and 
powerful  energy  in  the  process  of  disintegration.  Water  penetrates 
the  pores  and  crevices  of  rocks,  and  expanding  during  congelation, 
acts  with  great  force  in  overcoming  the  coherence  of  the  parts,  and 
its  return  to  a  fluid  state  is  suflBcient,  with  the  aid  of  gravity,  to 
remove  the  loosened  matter.  In  Alpine  regions,  heaps  of  rocky 
fragments  and  earth,  called  moraine^  skirt  the  glaciers  where  thejr 
have  descended  into  the  valleys,  and  display  on  a  grand  scale  the 
power  of  frost  in  the  formation  and  transport  of  detritus. 

T(^  these  eflects  of  the  mechanical  action  of  the  atmosphere,  we 
must  add  the  landslips  produced  by  springs,  that  is  by  water  which, 
after  percolating  a  mass  of  porous  strata,  meets  with  a  bed  of  clay, 
and  is  thrown  out  in  the  face  of  a  cliff  or  at  the  bottom  of  a  ravine. 
In  its  passage,  it  removes  a  portion  of  the  argillaceous  base,  and  large 
masses  of  rock  being  thus  left  without  support,  are  precipitated  into 
the  valley  below. 

Erosive  Action  of  Biters.  As  soon  as  a  river  begins  to  collect 
detritus  thus  formed  by  the  action  of  the  atmosphere,  it  commences 
an  erosive  process  on  its  bed  and  sides,  from  the  grinding  effects  of 
the  sand  and  gravel  which  it  puts  in  motion.  The  size  of  the 
fragments  transported  depends  on  the  volume  and  velocity  of  the 
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current.  The  velocity  is  proportioned  to  the  inelinfttion  of  the  bed, 
which  is  generally  greatest  near  the  source  of  the  river,  while  ai 
the  velocity  diminishes  the  volume  increases  from  the  influx  of 
other  streams.  When  several  streams  thus  unite,  instead  of  the 
collective  waters  spreading  over  a  wider  area,  they  contraet  into  a 
column  of  greater  depth,  and  the  Ariotion  exerted  on  the  fluid  masi 
by  the  bottom  and  sides,  thus  becomes  proportionally  smaller.  By 
this  general  law  governing  the  action  of  running  water,  rivers  flow« 
ing  through  level  countries  are  enabled  to  scour  their  channels,  and 
to  prevent  their  being  obstructed  by  the  accumulation  of  sediment 
poured  in  by  their  tributaries,  as  the  declivity  of  their  beds 
diminishes. 

Erosion  of  Rher  Channels  in  Autergne.  Some  of  the  rivers  of 
Central  France  afibrd  strong  evidence  of  the  erosive  power  of  rtinninf^ 
water  on  even  the  hardest  rocks.  The  valleys  through  which  they 
flow  have  been  obstructed  by  currents  of  lava  poured  into  them, 
when  the  volcanos  of  that  region  were  in  a  state  of  activity^i 
Through  some  of  the  most  recent  of  these  currents  of  oottipact 
lava,  channels  have  been  excavated  of  considerable  breadth,  from 
twenty  to  seventy  feet  deep,  and  in  some  instances  even  to  greatelh 
depths. 

In  a  similar  manner  the  Simeto,  a  river  of  Sicily,  has  cut  a 
passage  nearly  fifty  feet  deep,  and  varying  in  breadth  from  fifty  to 
many  hundred  yards,  through  a  current  of  lava  as  compact  as  basalt, 
which  is  supposed  to  have  been  ejected  from  Etna  so  recently  as  thd 
year  1603. 

Falls  of  Niagara.  The  river  which  flows  from  Lake  Erie  into 
Lake  Ontario,  offers  a  striking  example  of  the  effects  of  erosion  on 
softer  strata.  From  Lake  Ontario,  which  is  situated  330  feet 
below  Lake  Erie,  a  low  plain  extends  as  far  as  Queenstown.  At 
that  point  a  table  land  commences,  and  continues  for  twenty-flve 
miles  to  Lake  Erie,  whose  surplus  waters  flow  over  this  table  land 
nearly  on  a  level  with  those  of  the  lake  till  they  approach  the 
falls ;  there,  dividing  into  two  sheets,  the  one  six  hundred,  the  other 
two  hundred  yards  broad,  they  dash  down  a  ledge  of  rock  160  feet 
in  height,  composed  of  horizontal  strata  of  limestone  resting  on  soft 
shale.  The  spray  raised  in  thick  clouds  from  this  immense  cascade, 
and  driven  by  the  wind  against  the  shale,  effects  its  constant  and 
rapid  disintegration,  and  the.  limestone  being  thus  left  without 
support  is  precipitated  in  large  masses  into  the  pool  below.  In  this 
manner,  the  falls  have  cut  their  way  back  towards  Lake  Erie,  fifty 
yards  in  forty  years.  Below  the  cascade,  the  current  is  contracted 
to  the  width  of  160  yards,  and  rushes  for  seven  miles  through  a 
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gorge  bounded  by  perpendicnlar  cliffs.  It  is  highly  probable  that 
the  falls  were  once  situated  at  Queenstown,  where  the  table  land 
commences,  and  that  the  excavation  of  this  long  ravine  is  the  work 
of  the  river.  At  the  rate  of  erosion  observed  at  the  falls  during 
forty  years,  nearly  ten  thousand  years  would  have  been  required  for 
this  operation ;  but  the  erosive  process  probably  proceeded  more 
rapidly  when  the  whole  stream  was  confined  to  one  narrow 
channel. 

Sinuosities  of  Rivers. 

The  tortuous  windings  of  rivers  are  occasioned  by  impediments 
in  their  channels,  arising  either  from  the  unequal  hardness  of  the  rock 
in  which  they  are  eroded,  or  from  the  accidental  collection  of  alluyial 
matter.  The  stream  is  thus  made  to  cross  and  recross  the  general 
line  of  descent,  first  impinging  against  one  bank,  and  then,  being 
turned  off  at  an  equal  angle,  striking  against  the  opposite  bank 
lower  down.  At  each  of  these  points  it  gradually  works  out  a 
curve  in  the  bank,  while  the  debris  not  removed  by  the  current 
accumulates  in  a  promontory  corresponding  to  the  opposite  con- 
cavity. 

When  the  erosive  process  acting  on  a  steep  rocky  bank,  brings 
down  a  considerable  mass  at  once,  the  talus  formed  at  the  base  of 
the  cliff  becomes  a  barrier  against  further  encroachment  at  that 
part,  giving  to  the  current  a  new  direction,  and  throwing  it  against 
a  point  which  had  previously  been  little  exposed  to  attack.  Being 
thence  reflected  at  an  equal  angle,  it  strikes  the  opposite  bank  at  a 
new  point,  and  thus  the  effects  of  the  fall  are  felt,  and  a  change  of 
channel  produced,  along  the  whole  course  of  the  river  below  it. 
From  these  oscillations  of  the  channel  from  side  to  side,  it  arises 
that  narrow  streams  frequently  hold  a  winding  course  through  a 
wider  and  straighter  trough  of  their  own  excavation,  bounded  by 
steep  cliffs,  every  point  of  which  has,  at  some  time  or  other,  been 
touched  by  the  stream,  the  bottom  of  the  trough  being  [occupied  by 
a  low  alluvial  flat,  which  the  river  has  formed  during  the  process 
of  erosion. 

This  low  ground  sometimes  rises  from  the  river  in  a  succession 
of  terraces,  c  c,  fig.  203,  which  mark  the  different  levels  at  which 
the  stream  has  formerly  flowed,  and  may  be  considered  proofs  of 
the  elevation  of  the  land  analogous  to  the  raised  beaches  on  the 
sea  coast.  The  parallel  roads,  as  they  are  called,  of  Glenroy,  are 
two  similar  lines  or  terraces  of  shingle,  which  run  round  the  valley 
at  a  considerable  elevation,  and  are  supposed  to  have  formed  the  shores 
of  an  ancient  lake,  and  to  indicate  the  levels  at  which  the  waters 
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snccessiyely  stood,  till  the  lake  was  finally  drained  by  the  destruc- 
tion of  its  barrier.  Such  terraces  of  shingle  on  the  shores  of  Lake 
Superior,  in  North  America,  occurring  at  various  heights,  extending 
to  fifty  feet,  leave  no  doubt  as  to  their  origin,  for  they  contain  shelb 
of  species  still  inhabiting  the  lake.  The  terraces  of  Glenroy  are  by 
some  geologists  considered  marine  beaches. 

The  tortuous  flexures  of  a  river,  arising  from  the  causes  already 
mentioned,  are  sometimes  so  great,  that  for  a  time  the  stream  returns 
in  a  direction  contrary  to  its  main  course.  The  Missisippi,  in 
some  of  its  bends,  makes  a  circuit  of  nearly  thirty  miles  between 
two  points,  which  are  not  more  than  a  mile  from  each  other  in  a 
direct  line.  The  river,  during  freshets,  sometimes  bursts  through 
the  isthmus  thus  formed,  and  returns  to  the  more  direct  line  of 
descent. 

Such  extreme  sinuosities  are  not 
confined  to  rivers  which,  like  the  Mis- 
sisippi, flow  through  alluvial  plains, 
they  are  equally  conspicuous  in  a  part 
of  the  valley  of  the  Moselle,  sunk  to 
the  depth  of  from  600  to  800  feet, 
through   hard    transition    rocks.      In 

three  places  that  river,  after  making  a  circuit  of  nearly  seventeen 
miles,  returns  to  within  a  few  hundred  yards  of  a  former  part  of  its 
course.     The  Mouse  and  the  Wye  afibrd  similar  phenomena. 

Excatation  of  Valleys. 

The  origin  of  valleys  has  given  rise  to  much  discussion.  By 
some  geologists  their  excavation  has  been  attributed  to  diluvial 
currents ;  others,  with  Mr.  Scrope,  contend,  that  though  a  sudden 
violent  and  transient  rush  of  water  might  scoop  out  straight  trough- 
shaped  channels,  it  could  never  have  produced  winding  valleys,  like 
those  of  the  Moselle  and  Mouse,  the  formation  of  which  they  attri- 
bute to  the  slow  erosion  of  their  respective  rivers,  and  for  proofs  of 
the  power  of  running  water  to  excavate  valleys  they  appeal  to  those 
of  Auvergne,  where  the  rivers  have  cut,  not  only  through  currents 
of  lava,  but  through  the  solid  roclcs  of  subjacent  gneiss.  To  these 
facts  and  arguments  it  may  be  added,  that  diluvial  currents,  so  fair 
from  having  been  the  excavating  agents,  have  often  choked  up 
valleys  with  detrital  masses.  The  annexed  diagram  represents  a 
section  across  the  lower  part  of  the  Ogwen,  near  Bangor  (203). 
We  have  there  a  previous  hollow  in  the  slate  rock,  a  a,  filled  with 
a  boulder  deposit,  hb^  through  which  the  river  has  excavated  a 
trough  to  the  depth  of  more  than  seventy  feet  without  having  cut 
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through  it.     The  valley  of  the  Dodder,  near  Dublin,  afforda  similar 
phenomena. 


In  opposition  to  those  who  contend  that  all  rivers  have  formed 
their  valleys,  Mr.  Conybeare  *  has  shown  that  the  erosive  power  of 
the  Thames  has,  within  the  records  of  history,  produced  no  effect 
whatever  on  the  country  through  which  it  flows ;  that  much  of  the 
water- worn  gravel  drifted  through  breaches  opened  in  the  sinuous 
line  of  its  channel,  is  derived  from  rocks  not  found  within  the  limits 
of  its  basin ;  and  that  the  form  of  the  country  is  the  very  reverse  of 
that  which  would  have  been  produced  by  fluviatile  action,  however 
long  continued.  Most  of  the  valleys  of  England  are  of  the  same 
character. 

It  appears,  then,  that  the  excavation  of  valleys  is  not  to  be 
ascribed  to  any  one  general  action,  but  is  a  complex  result  of  all  the 
forces  which  have  acted  on  the  surface  of  any  given  region,  both 
before  and  after  its  emergence  from  the  ocean ;  and  that  we  have 
several  classes  of  valleys,  in  the  formation  of  which  different  agencies 
have  prevailed.  The  great  valley  of  the  Caledonian  Canal  is  an 
oceanic  valley,  formed  beneath  the  sea,  and  older  than  the  conglo- 
merates of  the  old  red  sandstone.  There  are  longitudinal  valleys, 
like  those  of  the  Alps,  arising  out  of  the  line  of  junction  of  two 

formations.  There  are  valleys  of 
disruption,  like  some  of  the  great 
transverse  valleys  of  the  same 
chain,  produced  by  great  up- 
heaving forces ;  valleys  of  ele- 
vation (204),  like  that  of  the 
Wealden,  Kingsclere,  Pyrmont,  &c.,  where  the  strata  protruded 
and  pushed  upwards,  dip  in  opposite  directions  from  the  axis  of 

•  Proceedingt  of  Geohpieai  Society,  rol.  i.,  p.  342. 
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elevation ;  valleys  of  denudation  (205),  in  which  strata  nearly 
horizontal,  and  once  continuous,  are  now  separated  by  a  wide  exca- 
vation.    Of  these,  some  are  simple,  like  the  dry  combes  of  the 
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chalk  (206),  in  which  soft  strata  appear  to  have  been  scooped  out 
by  a  retiring  current  during  one  period  of  elevation ;  others  are  of 
complex  origin,  referrible  to  several  periods,  and  modified  by  various 
independent  forces ;  and  lastly,  though  rivers  have  not  in  general 


206 


formed  the  valleys  through  which  they  flow,  there  are  undoubted 
cases  of  valleys  of  erosion,  deep  gorges  like  those  of  Auvergne,  exca^ 
vated  entirely  by  the  long-continued  action  of  the  present  streams. 

Detritm  deposited  on  the  Land, 

Mountain  torrents,  whose  course  to  the  sea  is  short,  hurry  into 
it  a  confused  mass  of  fragmentary  matter,  and  there  form  deposits 
resembling  some  of  the  older  conglomerates.  Such  are  the  streams 
which  descend  from  the  Maritime  Alps  into  the  Mediterranean. 
But  longer  rivers  deposit  their  gravel  and  sand  during  the  earlier 
parts  of  their  course,  and  bear  to  the  coast  only  matter  so  finely 
divided  as  to  be  capable  of  suspension  in  water  flowing  with  moderate 
velocity.  Some  is  arrested  by  lakes,  some  deposited  by  inundations 
on  the  surface  of  valleys  and  alluvial  plains. 

When  a  lake  lies  in  the  course  of  a  river,  it  is  evident  that  it 
will  prevent  the  further  transport  of  detritus  till  its  basin  shall  be 
completely  filled.  The  Rhone,  which  enters  the  Lake  of  Geneva 
charged  with  sand  and  sediment,  deposits  it  all  in  that  lake.  In 
the  same  manner  the  Rhine  is  purified  in  the  Lake  of  Constance, 
and  most  of  the  rivers  which  descend  from  the  Alps  part  with  their 
detritus  to  the  lakes  lying  on  th6  northern  and  southern  flanks  of 
that  chain.  In  the  course  of  time,  when  these  lakes  shall  be  filled 
up,  they  will  present  the  appearance  of  level  plains,  traversed  by 
their  several  rivers.  The  river  may  then  cut  through  the  rocky 
barrier  which  h»4  confirmed  the  waters  of  the  lake,  and  commencing 
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its  destroying  action  on  the  strata  which  it  had  formed,  may  convey 
them  to  lower  levels,  to  fill  up  other  hollows  in  the  surface  over 
which  it  flows. 

Valley  Deposits.  Many  level  surfaces,  traversed  by  a  river,  and 
surrounded  by  ranges  of  hills,  may  be  mistaken  for  the  sites  of  lakes, 
which  are  in  reality  valleys  partially  filled  with  detritus.  The  most 
gentle  stream  has  its  seasons  of  flood,  during  which  it  leaves  sedi- 
ment on  the  adjoining  low  grounds ;  a  rapid  river  covers  them  with 
gravel,  by  frequently  changing  its  bed.  After  having  flowed  for  a 
time  with  sufiBcient  velocity  to  transport  gravel  and  sand,  it  reaches 
a  part  of  its  course  where  the  declivity  is  less,  and  the  consequent 
diminution  of  velocity  compels  it  to  part  with  the  detritus  with 
which  it  was  charged.  The  stream  obstructed  by  the  matter  depo- 
sited is  diverted  into  a  new  channel,  and  being  there  again  obstructed 
by  the  detritus  brought  down  by  the  next  flood,  again  changes  its 
course,  and  thus  wandering  irregularly  in  its  endeavours  to  seek  the 
lowest  level,  covers  a  wide  area  with  deposits  of  detrital  matter. 
Such  deposits  will  present  a  level  surface,  gently  declining  with  the 
Qourse  of  the  stream,  while  a  transverse  section  will  display  inclined 
laminae  of  sand  and  gravel,  sloping  in  various  directions.  When 
rivers  flowing  through  level  plains  are  confined  artificially  to  prevent 
their  devastating  the  adjoining  lands,  they  have  a  tendency  to  raise 
their  beds  by  the  sediment  which  subsides.  This  is  remarkably 
exemplified  in  the  case  of  the  Po,  which  having  been  thus  confined 
for  several  centuries  now  flows  along  a  mound  of  its  own  raising, 
which  at  Ferrara  is  higher  than  the  roofs  of  the  houses. 

Lacustrine  Deposits.  In  lacustrine  deposits  the  lamination  radi- 
ates from  the  point  where  the  river  enters  the  lake,  and  is  inclined 
at  a  higher  or  lower  angle,  according  to  the  depth  of  the  lake,  the 
volume  of  the  river,  and  the  size  of  the  transported  matter.  When 
the  lake  is  deep,  and  the  detritus  large  in  proportion  to  the  propel- 
ling power  of  the  stream,  it  will  arrange  itself  in  a  conical  form. 
When  the  volume  of  the  stream  and  its  transporting  power  are 
considerable,  and  the  detritus  finely  divided,  it  will  be  difiiised 
over  a  wider  area,  and  a  lamination  will  be  produced  more  nearly 
approaching  to  the  horizontal.  The  I^ake  of  Geneva  furnishes 
examples  of  both  kinds  of  deposit.  The  matter  poured  into  it  iu 
the  summer,  by  the  melting  of  the  snow  upon  the  Alps,  has  formed 
a  delta  which  has  advanced  about  a  mile  and  a  half  in  eight  cen<. 
turies,  for  Port  Vallais,  which  was  once  on  the  edge  of  the  lake,  is 
now  separated  from  it  by  a  marshy  plain  of  that  extent. 

The  coarse  detritus  brought  down  by  each  successive  inundation 
sinks  soon  after  it  enters  the  lake,  but  the  finer  matter,  which  may 
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be  seen  settling  in  clouds  through  the  clear  water,  is  more  widely 
diffused,  and  was  found  by  Mr.  De  la  Beche,  by  soundings,  at  the 
depth  of  ninety  fathoms,  and  nearly  two  miles  from  the  present 
mouth  of  the  Rhone. 

The  deposits  formed  by  the  Drance,  an  impetuous  torrent,  which 
hurries  in  pebbles  and  sand,  must  be  arranged  at  a  high  angle,  as 
the  same  author  found  off  its  mouth  a  depth  of  eighty  fathoms  near 
the  shore.  A  section  of  the  delta  of  the  Rhone  would  exhibit  strata 
more  than  600  feet  in  thickness,  in  which,  beneath  a  surface  levelled 
by  the  gradual  advance  of  the  river's  mouth,  there  would  be  found 
beds  of  sand  and  gravel  in  curved  and  inclined  strata  near  its  com- 
mencement, clay  diffused  horizontally  over  the  central  parts,  and 
thin  deposits  of  the  same  fine  sediment,  thrown  down  during  inter- 
vals of  repose,  would  separate  the  coarser  beds  of  the  successive 
inundations. 

The  filling  up  of  the  lake  will  be  effected  by  the  meeting  of  the 
independent  deltas  of  all  the  streams  which  enter  it,  in  each  of 
which  the  strata  on  a  horizontal  plan  will  be  nearly  concentric  to 
the  points  of  influx. 

Deposit  of  Detritus  in  the  Sea, 

Such,  then,  is  the  action  of  running  water  on  the  land,  constantly 
tending  to  reduce  the  inequalities  of  its  channel  to  a  uniform  slope, 
by  cutting  down  obstructions,  and  filling  up  hollows,  and  constantly 
removing  detritus  from  higher  to  lower  levels.  The  coarser  frag- 
ments are  generally  deposited  in  the  manner  wo  have  described,  in 
the  basins  of  lakes  or  in  valleys,  or  spread  over  plains,  but  a  vast 
amount  of  finely-comminuted  matter  is  held  in  suspension,  till  it 
reaches  the  sea,  and  is  deposited  where  the  tides  and  freshets  meet, 
there  to  form  new  stratified  deposits,  charged  with  animal  and  vege- 
table remains,  which  in  future  ages  may  in  their  turn  be  re-converted 
into  land. 

The  mode  in  which  this  detritus  is  delivered  into  the  sea  varies 
with  local  circumstances,  depending  on  the  volume  of  the  river,  the 
configuration  of  the  coast,  and  its  exposure  to  the  influence  of  tides 
and  currents.  Rivers  have  been  divided  into  two  classes,  according 
to  the  manner  in  which  their  sediment  is  disposed  of  on  reaching  thp 
coast, — delta  rivers  and  estuary  rivers.  If  a  river  discharges  its 
waters  into  an  inland  sea  or  land-locked  bay,  where  the  influence  of 
tides  and  currents  is  feeble,  most  of  its  detritus  immediately  sub- 
sides, almost  as  it  would  in  a  lake ;  the  course  of  the  stream  becomes 
choked,  it  divides  into  several  channels,  the  coast  line  is  advanced 
into  the  sea,  and  a  delta  is  formed,  the  growth  of  which  is  more  or 
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less  rapid,  in  proportion  to  the  quantity  of  sediment  brongfat  down, 
and  the  depth  of  water  into  which  it  is  delivered.  Soeh  riTers  mn 
the  Rhone,  Po,  Nile,  Danube,  and  many  others.  In  the  other  ebMs, 
to  which  belong  the  Thames,  Garonne,  St.  Lawrence,  and  Maianon, 
the  coast  line  extends  into  the  land ;  an  estuary,  <tf  negatiTo  delta, 
as  it  has  been  called,  being  formed  by  the  joint  action  of  the  lirer 
and  the  tides. 

The  velocity  of  the  tide  is  accelerated  in  its  advance  up  an 
estuary  by  the  narrower  bounds  into  which  a  large  body  of  water  is 
eontinually  forced.  As  it  rises,  it  prevents  for  several  hours  the 
descent  of  the  river,  and  causes  it  to  accumulate  in  a  pooU  the 
waters  of  which,  on  the  removal  of  the  barrier  by  the  £dl  of  the 
tide,  rush  down  with  a  force  which  they  would  not  otherwise  have 
possessed,  and  as  the  tide  ebbs  longer  than  it  flows,  the  sediment 
held  in  suspension  both  by  the  salt  and  freshwater,  is  carried  to  sach 
a  distance  beyond  the  mouth  of  the  estuary,  that  very  little  of  it 
returns  with  the  next  tide. 

In  situations  where  the  velocity  diminishes,  from  the  meeting 
of  conflicting  currents,  local  accumulations  of  sediment  form  the 
marshes  and  sand-banks  to  be  seen  in  most  estuaries,  but  the  pre- 
ponderating force  of  the  descending  waters  will  tend  to  preserve  a 
broad  and  deep  opening.  Most  of  the  sediment  will  thus  be  delivered 
over  to  marine  currents,  and  will  be  deposited  on  distant  points  of 
the  same  coast,  or  more  widely  difiused  over  the  ocean,  and,  slowly 
subsiding,  will  cover  its  bed  with  fine-grained  deposits,  unmixed 
with  sand  and  gravel. 

Between  the  two  extremes  of  delta  and  estuary  rivers,  there  are 
many  intermediate  gradations,  arising  out  of  local  circumstances^ 
There  are  some  rivers,  like  the  Ganges  and  Niger,  whose  volume  is 
so  great  during  freshets,  and  their  waters  so  turbid,  that  they  deposit 
at  those  seasons  a  greater  amount  of  sediment  than  the  sea  can 
remove  during  the  rest  of  the  year,  and  have  thus  formed  the 
largest  deltas  in  the  world,  on  coasts  exposed  to  high  and  powerful 
tides. 

Deltas  of  the  Mediterranean, 

The  Rhone  having  purified  itself  in  the  Lake  of  Geneva,  is 
soon  again  rendered  turbid  by  the  junction  of  the  turbulent  Arve, 
charged  with  the  detritus  annually  brought  down  by  the  glaciers  of 
Mont  Blanc ;  and  receiving  in  its  course,  fresh  accessions  of  sedi- 
ment from  the  streams  which  drain  the  Alps  of  Dauphiny,  and  the 
primary  district  of  Central  France,  it  discolours  the  Mediterranean, 
for  nearly  seven  miles  from  the  point  of  influx.     Over  this  space,  in 
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which  the  water  deepens  gradually,  from  four  to  forty  fathoms,  fine 
sediment  is  thrown  down  in  nearly  horizontal  strata,  while  the 
coarser  matter  is  deposited  near  the  shore.  The  head  of  the  delta 
is  at  Aries,  where  the  stream  divides  into  two  branches,  as  in  the 
time  of  Pliny,  but  the  base  has  advanced  so  much  that  the  physical 
features  of  the  coast  no  longer  accord  with  descriptions  of  it  written 
during  the  Augustan  age.  Places,  too,  which  were  harbours  in  the 
ninth  century,  are  now  a  league  from  the  shore,  and  a  tower  erected 
on  the  coast,  so  recently  as  1737,  is  now  a  French  mile  inland  *. 

Currents  raised  by  storms  from  the  south-west  frequently  form 
bars  across  the  mouth  of  the  river,  and  thus  separate  considerable 
spaces  from  the  sea,  which  either  become  freshwater  lagoons,  or, 
being  subject  to  alternate  irruptions  of  the  river  during  floods,  and 
the  sea  during  storms,  are  converted  into  brackish  pools,  inhabited 
by  a  mixture  of  fluviatile  and  marine  molluscs,  generally  of  a 
stunted  growth,  and  exhibiting  considerable  variations  of  form  and 
colour  from  the  type  of  their  respective  species.  After  such  gales, 
the  newly-deposited  sand-banks  of  the  river  have  been  found  covered 
with  a  layer  of  drifted  marine  shells.  These  facts  are  of  importance, 
as  elucidating  the  occurrence  of  similar  alternations  in  the  older 
strata. 

The  Adriatic  is  rapidly  filling  with  sediment  poured  by  the 
Po,  the  Adige,  and  numerous  minor  streams,  which  descend  from 
the  Alps  and  Apennines  into  a  tideless  sea,  running  deeply  into  the 
land.  Adria,  from  which  the  gulf  received  its  name,  is  now  about 
twenty  miles  from  the  sea,  and  for  a  hundred  miles  along  the  coast, 
that  is,  from  the  Oulf  of  Trieste  to  beyond  Ravenna,  accessions  of 
land,  varying  in  breadth  from  two  to  twenty  miles,  have  taken  place 
during  the  last  two  thousand  years. 

It  has  been  observed,  however,  that  the  rate  of  increase  has 
ra})id]y  accelerated  since  the  system  of  embanking  the  rivers,  now 
become  so  general,  prevented  the  diffusion  of  sediment  over  the 
land.  The  Po  carries  into  the  sea  nothing  but  sand  and  silt,  not 
transporting  pebbles  beyond  its  junction  with  the  Mincio ;  but  the 
rivers  which  enter  the  northern  part  of  the  gulf,  bear  into  it  consider- 
able quantities  of  detritus,  large  enough  to  formx;oarse  conglomerates. 

From  the  researches  of  Donati,  who  dredged  the  bed  of  the 
Adriatic,  it  appears  that  the  now  deposits  are  not  wholly  mechanical, 
but  consist  in  part  of  rock,  formed  of  calcareous  matter,  incrusting 
shells — a  fact  in  accordance  with  observations  made  at  the  mouth 
of  the  Rhone,  and  on  the  coast  of  Syria. 

The  delta  of  the  Nile  is  small  in  comparison  with  the  magnitude 

*  See  Principle9  qf  Geology,  vol.  iv.^  p.  432. 
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of  the  river,  which  is  estimated  to  discharge  annually  250  times  as 
much  water  as  the  Thames.  This  arises,  in  part,  from  the  small 
accession  of  atmospheric  water  which  it  receives  in  its  passage 
through  Egypt,  and  the  immense  quantity  of  far-transported  detritus 
which  it  deposits  in  its  valley;  and  in  part,  from  the'efiects  of  a  cur- 
rent which  drifts  the  sediment  eastward,  and  causes  the  rapid 
growth  of  new  land  on  parts  of  the  Syrian  shore  where  no  rivers 
enter  the  sea.  M.  Girard,  one  of  the  scientific  men  who  accom- 
panied the  French  expedition  to  Egypt,  has  even  gone  so  far  as  to 
consider  that  the  Mediterranean  and  the  Red  Sea  were  once  united, 
and  that  the  Isthmus  of  Suez  is  a  mere  bar  formed  by  this  current. 
The  same  author  describes  the  mud  deposited  by  the  Nile,  during  its 
periodical  inundations,  as  having  raised  the  entire  surface  of  Upper 
Egypt  rather  more  than  six  feet  since  the  Christian  era.  This  fer- 
tilizing deposit  consists  of  nearly  one  half  argillaceous  matter,  one 
fourth  carbonate  of  lime,  the  remainder  oxide  of  iron,  carbonate  of 
magnesia,  and  water.  The  Nile  has,  nevertheless,  poured,  and  still 
continues  to  pour,  a  vast  quantity  of  sediment  into  the  Mediter- 
ranean, though  we  have  no  authentic  records  of  the  dates  at  which 
the  delta  was  successively  extended,  by  additions  of  habitable  land. 
Its  increase  does  not  appear  to  have  been  great  during  the  last  two 
thousand  years,  though  considerable  changes  have  taken  place  in  the 
base  of  the  delta.  Two  only  of  its  seven  mouths  remain,  and  the 
Lake  Mareotis  is  silted  up,  while,  on  the  other  hand,  others  have 
been  formed  on  the  edge  of  the  delta,  by  banks  which  the  current 
before  mentioned  throws  up. 
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MODERN  GROUP,— Continued. 

Delta  of  the  Mimsippi — drift  timber — delta  of  the  Ganges, — Tides 
— currents — their  causes — currents  of  the  Indian  and  Atlantic 
Oceans — action  of  the  sea  on  coasts — u:aste  of  the  Eastern  coast 
of  England. — Marine  deposits — shingle  beaches  and  sandy  dunes 
— silted-up  estuaries — submarine  shoals  connecting  the  British 
Islands  icith  the  continent — deposits  of  the  Adriatic — th^ir  simi- 
larity to  the  Subapennine  tertiaries — diffusion  of  sediment  by 
marine  currents. — Coral  formations — their  distribution — coral 
isles  of  the  Pacific — Lagoon  Islands. — Barrier  reefs — indicate 
movements  of  depression  and  elevation. 

Delta  of  the  Missisippi.  The  Gulf  of  Mexico,  into  which  the 
Missisippi  has  advanced  an  immense  delta,  may  be  regarded  as  a 
nearly  tideless  sea.  This  mighty  river,  which  rises  on  the  confines 
of  the  Arctic  regions,  enters  the  sea  near  the  tropics,  having  a  course, 
including  curvatures,  of  about  5000  miles,  and  receiving  as  tribu- 
taries the  Missouri,  Ohio,  Arkansas,  and  Red  River,  besides  other 
minor  streams.  Its  whole  course,  respecting  which  Captain  Hall 
and  Mr.  Darby  have  furnished  much  valuable  information,  is  fraught 
with  instruction  to  the  geologist ;  for,  draining  so  large  a  portion  of 
a  great  continent,  on  which  man  has  as  yet  effected  few  changes,  it 
exhibits  the  effects  of  running  water  on  a  scale  of  great  magnificence, 
peculiarly  adapted  for  comparison  with  the  effects  of  river  action, 
during  periods  anterior  to  the  existence  of  the  human  race. 

The  breadth  of  the  alluvia]  plain  of  the  Missisippi  below  the 
junction  of  the  Ohio,  is  from  thirty  to  fifty  miles,  expanding  lower 
down  to  nearly  thrice  that  breadth.  This  plain  is  bounded  by  per- 
pendicular clifls,  or  ''  bluffs,"  sometimes  as  much  as  300  feet  high. 
With  the  exception  of  the  Ohio,  all  the  great  rivers  enter  from  the 
west ;  and,  in  consequence,  the  stream  of  the  Missisippi  is  directed 
towards  the  eastern  bluffs,  which  it  is  slowly  but  incessantly  under- 
mining. From  the  variety  of  climate  traversed  by  this  great  river 
and  its  tributaries  in  so  long  a  course,  the  freshets  of  its  feeders  take 
place  at  different  seasons.  When  the  Missisippi  itself  is  in  flood,  it 
obstructs  the  current  of  the  Ohio  for  a  great  distance ;  and  in  the 
same  manner,  a  flood  in  the  Ohio  produces  a  stagnation  in  the  upper 
part  of  the  Missisippi.     Considerable  accumulations  of  sediment  are 
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thus  formed  at  the  mouth  of  each  of  the  tributaries,  which  remain 
till  they  are  removed  by  its  own  freshets. 

From  these  causes,  great  changes  are  annually  effected  in  the 
channel,  independent  of  its  general  progress  eastward.  Extreme 
aberrations  from  the  direct  course  are  straightened,  and  new 
islands  are  formed;  while  others  are  swept  away,  or  joined  to 
the  main  land,  by  accumulations  of  trees  and  sediment.  Daring 
inundations  large  portions  of  the  alluvial  banks,  the  deposit  of  former 
floods,  give  way,  and  several  acres  of  forest  are  at  once  plunged  into 
the  stream.  There  the  trees  either  become  fixed  in  the  channel,  iu 
the  slanting  position  already  described,  when  treating  of  the  coal 
measures,  or,  accumulating  in  parts  out  of  the  general  current,  are 
formed  into  floating  masses,  known  by  the  name  of  rafts  ;  the  rest 
are  drifted  onwards  to  the  sea,  and  deposited  amidst  alternations  of 
sand  and  mud.  In  1808  it  was  estimated  that  the  great  raft  con- 
tained 278,784,000  cubic  feet ;  its  breadth  being  220  yards,  its  depth 
8  feet,  and  its  mean  length  10  miles.  This  mass  had  accumulated 
in  the  space  of  fifty-two  years,  owing  to  some  obstruction  in  the 
Atchafalaya,  one  of  the  branches  by  which  the  Missisippi  enters  the 
gulf,  and  which,  from  its  position  in  a  direct  line  with  the  main 
stream,  receives  a  large  portion  of  the  annual  drift.  Similar  accu- 
mulations, though  of  smaller  extent,  have  formed  in  other  parts  of 
the  Missisippi  and  its  tributaries.  In  the  Red  River,  rafts  are  com* 
posed  exclusively  of  one  species  of  tree, — cedars  in  some,  pines  in 
others. 

From  alternations  of  red  sediment,  peculiar  to  the  Red  River, 
with  blue  clay,  characteristic  of  the  Missisippi,  which  have  been 
observed  in  the  alluvial  banks  of  the  Atchafalaya,  it  has  been  sup- 
posed that  it  was  formerly  a  continuation  of  the  Red  River,  and 
that  the  two  streams  prevailed  alternately  in  this  channel  before 
their  final  junction  was  effected. 

The  alluvial  plain  of  the  Missisippi  is  described  as  sloping  gra- 
dually from  the  river  towards  the  bluffs.  During  inundations  the 
heavier  particles  subside  near  the  banks,  while  the  finely-divided 
matter  is  carried  to  a  greater  distance,  spreading  a  black  unctuous 
deposit  over  the  plain.  The  crests  of  the  mounds  thus  formed 
constitute  narrow  strips  of  dry  ground  on  each  side  of  the  river, 
separating  its  stream,  as  the  waters  begin  to  subside,  from  the 
inundated  country.  A  long  tongue  of  land,  having  exactly  the 
same  appearance,  projects  into  the  gulf  at  the  mouth  of  the  river, 
and  forms  a  prominent  feature  in  maps  of  the  American  conti- 
nent. This  tongue  has  advanced  many  leagues  since  New  Orleans 
was  built,  and  the  whol^  coast  is  fringed  with  a  belt  of  swampy 
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uninhabitable  country,  extending  over  hundreds  of  square  leagues. 
Numerous  trees,  carried  into  the  sea  during  freshets,  and  covered 
with  alternations  of  sand  and  mud,  are  forming  submarine  deposits, 
which  spread  far  and  wide  over  the  gulf,  and  are  filling  it  so  rapidly 
that  in  many  parts  the  depth  of  water  does  not  exceed  ten  fathoms. 

We  cannot  doubt  that  these  deposits  contain  numerous  bones  of 
the  inhabitants  of  the  prairie  and  the  forest, — ^the  deer  and  the 
bison,  the  fox,  the  wolf,  and  the  jaguar,  together  with  the  remains 
of  tortoises  and  alligators,  with  which  the  waters  abound.  Neither 
can  we  fail  to  recognise  in  these  alternations  of  argillaceous  and 
sandy  strata  with  masses  of  vegetable  matter,  a  striking  resemblance 
to  the  coal  strata,  accompanied  by  some  points  of  difference.  The 
resemblance  consists  in  the  mode  in  which  the  materials  are  arranged ; 
the  difference,  in  the  greater  amount  of  vegetable  matter,  and  the 
absence  of  mammalian  and  saurian  remains,  which  characterize  the 
ancient  strata. 

Delta  of  the  Ganges.  The  Ganges  and  Burrampooter  constitute 
the  channels  of  drainage  for  the  waters  which  descend  from  the 
northern  and  southern  slopes  of  the  Himalaya  chain,  the  loftiest 
mountains  in  the  world,  and  they  enter  the  Bay  of  Bengal  together. 
The  delta  of  the  Ganges,  exclusive  of  that  of  the  Burrampooter, 
extends  along  the  coast  for  200  miles,  and  commences  220  miles 
from  the  sea,  in  a  direct  line.  Its  course  is  marked  by  numerous 
sinuosities,  and  its  channel  is  subject  to  the  same  kind  of  changes 
that  take  place  in  the  Missisippi.  The  influence  of  the  tide  extends 
as  far  as  the  head  of  the  delta,  when  the  river  is  low  ;  but  when  ita 
waters  are  swollen  by  the  periodical  rains,  the  ebb  and  flow  are 
scarcely  perpectible,  except  near  the  mouth,  and  the  sea  is  disco- 
loured by  the  turbid  waters  to  the  distance  of  sixty  miles.  It  is 
during  these  seasons  that  the  delta  receives  its  greatest  accessions. 
The  deposits  then  formed  are  partially  removed  by  the  tides  during 
the  remainder  of  the  year ;  but  so  great  is  the  quantity  of  sediment, 
that  the  delta  is  continually  advancing,  notwithstanding  the  depth 
of  the  sea,  which  in  the  space  of  one  hundred  miles  increases  from 
four  fathoms  to  sixty.  The  deposits  consist  of  sand  and  silt ;  for 
the  river  ceases  to  transport  pebbles  at  the  distance  of  four  hundred 
miles  from  the  sea.  Such  soft  deposits,  when  the  diminished  volume 
of  the  river  permits  the  free  ingress  of  the  sea,  are  destroyed  with 
great  rapidity  by  tides  which  rise  from  thirteen  to  sixteen  feet ;  old 
channels  are  filled  up,  new  channels  formed,  and  in  one  place  a 
tract  of  land,  40  square  miles  and  114  feet  deep,  is  said  to  have 
been  removed  in  the  course  of  a  few  years.  On  the  other  hand,  the 
slightest  obstruction,  such  as  a  sunken  boat  or  a  large  tree,  produces 
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aa  accumulation  of  sediment,  and  causes  the  formation  of  a  sand- 
bank, which  soon  increases  to  an  isLind,  covered  bj  a  rapid  growth 
of  reeds,  grass,  and  shrubs. 

These  islands,  as  well  as  the   Sunderbunds,   a  wooded   tract 
extending  along  the  coast,   and  intersected  by  numeroas  creeks, 
rivers,  and  pools,  abound  with  deer,  buflalos,  and  tigers ;  and  the 
waters  and  sandbanks  swarm  with  gavials  and  crocodiles,  the  former 
confined  to  the  fresh  water,  the  latter  sometimes  ascending  the  river, 
but  preferring  salt  or  brackish  water.     Of  crocodilean  saurians  there 
are  three  grand  divisions,  each  characteristic  of  a  distinct  physical 
region :  the  alligator,  or  cayman,  peculiar  to  America ;  the  gavial, 
found  only  in  India ;  and  the  broad-beaked  crocodile  of  the  Nile 
and  West  Indies.     It  is  to  the  long-snouted  gavial,  or  Indian  type, 
that  the  fossil  crocodiles  of  the  poikilitic  and  oolitic  systems  have 
the  greatest  resemblance;    those  of  strata  more   recent  than   the 
chalk,  resemble  the  broad-beaked  crocodile  of  the  Nile. 

Of  the  magnitude  of  the  deposits  now  in  progress  in  the  Bay  of 
Bengal,  we  may  form  some  idea  from  the  statement  of  Major 
Rennell,  that  the  Sunderbunds  are  equal  in  extent  to  the  whole  of 
the  principality  of  Wales ;  and  that  some  of  the  islands  near  the 
junction  of  the  Ganges  and  Burrampooter,  below  Luckipoor,  rival 
the  Isle  of  Wight  in  extent  and  fertility. 

The  delta  of  the  Niger  is  even  larger  than  that  of  the  Ganges, 
stretching  more  than  300  miles  along  the  coast,  and  extending  170 
miles  into  the  interior. 

Tides. 

We  will  now  proceed  to  the  consideration  of  the  destroying 
action  exercised  by  the  sea  upon  the  land,  and  of  the  marine  forma- 
tions now  in  progress. 

The  motions  produced  in  the  waters  of  the  ocean  by  tides  and 
currents,  however  similar  in  their  effects,  originate  in  very  different 
causes.  Tides,  it  is  scarcely  necessary  to  say,  arise  from  the  attrac- 
tion of  the  sun  and  moon.  Their  height  and  velocity  are  increased 
by  the  proximity  of  extensive  lines  of  coast  opposing  obstacles  to 
the  free  passage  of  the  tidal  wave.  Among  the  small  islands  of  the 
Pacific  Ocean,  remote  from  any  continent,  the  rise  of  the  tide  is 
only  two  feet,  and  it  does  not  exceed  three  feet  at  St.  Helena.  On 
any  given  coast  it  is  subject  to  considerable  local  variations  within 
short  distances,  being  greatest  where  the  stream  encounters  the 
greatest  impediments  frem  headlands,  gradually  contracting  chan^ 
nels,  and  clusters  of  islands.  We  need  not  go  beyond  the  coasts  of 
our  own  seas  for  examples.     Of  the  tidal  wave  from  the  Atlantic, 
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a  small  part;  runs  up  the  English  Channel,  flowing  for  a  short  dis- 
tance to  the  north  of  the  Straits  of  Dover ;  while  the  main  body, 
moving  more  freelj  in  an  open  sea,  after  passing  the  Orkneys,  turns 
southward  between  Scotland  and  Norway,  and  runs  with  great 
rapidity  down  the  Eastern  coast  of  England.  This  flood-tide  from 
the  north,  as  it  is  called,  meets  that  from  the  south  near  the  mouth 
of  the  Thames.     The  annexed  diagram  (207),  wherein  is  marked 
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the  perpendicular  rise  of  the  tide  on  the  opposite  sides  of  the  English 
Channel,  shows  how  this  is  effected  by  the  configuration  of  the  coast. 
The  excessive  height  at  Guernsey,  and  between  Jersey  and  St.  Malo, 
is  caused  by  the  confinement  of  a  large  body  of  water  between  the 
Channel  Islands  and  Cape  la  Hogue ;  the  water  thus  raised  above 
the  general  level  having  no  escape  but  through  the  channel  between 
Alderney  and  the  main  land. 

In  the  Bristol  Channel  a  great  rise  of  tide  is  produced  by  the 
gradual  approach  of  the  shores  as  it  advances  up  the  estuary.  Thus 
at  Padstow,  near  the  entrance,  it  is  twenty-four  feet;  at  Lundy 
Island,  thirty  feet ;  at  Minehead,  thirty-six  feet ;  at  King^s  Boad, 
near  Bristol,  forty-two  to  forty-six  feet ;  while  at  Chepstow  it  occa- 
sionally exceeds  fifty  feet. 

Estuaries  of  this  form  are  subject  to  the  tidal  phenomenon  called 
'^  the  bore,^^  a  dangerous  wave  rushing  up  the  channel  with  great 
violence,  and  terminating  abruptly  towards  the  land,  like  those  waves 
which  curl  and  break  upon  the  sea  coast.  In  the  Severn  this  sudden 
rise  of  the  tide  frequently  amounts  to  nine  feet.  In  the  Hoogly, 
one  of  the  branches  of  the  Ganges,  the  bore  is  of  common  occurrence ; 
it  commences  at  the  point  where  the  channel  first  contracts  its 
dimensions,  producing  an  instantaneous  rise  of  five  feet  at  Calcutta, 
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and  trsTersing  a  distance  of  nearly  seventy  miles,  to  HoogljWwn, 
in  four  hours. 

By  reference  to  the  last  diagram  it  will  he  seen  that  the  rim  of 
tide  at  Dover  amounts  to  twenty  feet.  Pursuing  the  line  of  onr 
eastern  coast  northwards,  the  following  local  variations  oooor : — ^At 
the  mouth  of  the  Thames,  seventeen  feet,  gradually  deereasing 
towards  Yarmouth,  where  it  does  not  evceed  seven  er  eight  feet. 
At  Cromer,  it  increases  again  to  sixteen  feet ;  at  the  entrance  of  the 
Wash,  it  is  from  twenty-two  to  twenty-four  feet ;  at  Spurn  Point, 
nineteen  to  twenty  feet ;  and  at  Flamborough  Head,  fourteen  to 
sixteen  feet*. 

The  local  velocity  of  the  stream  of  tide  round  headlands  is  in 
general  proportioned  to  the  body  of  water  forced  into  the  adjoining 
bays.  In  the  Race  of  Alderney,  the  tide  runs  at  the  rate  of  seven 
miles  an  hour,  gradually  diminishing  till  the  general  level  is  restored. 
Round  the  Start,  and  the  Bill  of  Portland,  it  flows  at  the  rate  of 
four  or  five  miles,  which  is  double  the  velocity  in  the  adjoining  bays 
and  at  a  distance  from  the  shore. 

The  Orkney  Islands,  which  oppose  obstacles  to  the  passage  of 
the  tidal  wave,  similar  to  the  obstructions  occasioned  by  the  piers 
of  old  London  Bridge  in  the  water-way  of  the  Thames,  produce 
local  currents  of  great  rapidity.  In  the  Friths  of  Ronaldsa  and 
Stronsa,  the  velocity  at  spring  tides  amounts  to  five  miles  an  hour. 
In  the  Pentland  Frith,  between  the  islands  and  the  main  land,  it 
sometimes  exceeds  the  rate  of  ten  miles  an  hour. 

The  greatest  recorded  velocity  of  the  tidal  stream  appears  to  be 
at  the  New  Passage,  in  the  Bristol  Channel,  and  in  the  Straits  of 
Magellan,  where  it  runs  at  the  rate  of  fourteen  miles  an  hour. 

Currents. 

The  tidal  currents  flow  alternately  in  opposite  directions,  but 
there  are  permanent  currents  of  the  ocean,  from  50  to  250  miles  in 
breadth,  and  flowing  constantly  in  the  same  direction.  These  are 
caused  by  the  prevalence  of  particular  winds,  by  the  expansion  and 
contraction  of  the  water  of  the  sea  from  heat  and  cold,  and  by  solar 
evaporation. 

The  eftects  of  the  wind  in  producing  a  current  are  well  known. 
It  was  ascertained  by  Smeaton,  that  in  a  canal,  four  miles  long,  the 
wind  blowing  along  it  raised  the  water  four  inches  at  one  end ;  a 
prevalence  of  winds  blowing  from  the  ocean  produces  extraordinary 
tides  in  the  British  seas  and  harbours,  and  a  continuance  of  gales 

*  Lyell's  Principles  cf  Geology^  vol.  ii.,  p.  3.     On  the  authority  of  Captain 
Hewett,  R.N. 
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from  the  north-west  raises  the  surface  of  the  Baltic  at  least  two  feet. 
In  the  open  ocean,  where  there  is  no  barrier  to  impede  the  progress 
of  the  water,  instead  of  a  rise  a  current  is  produced  in  the  direction 
of  the  preyailing  winds.  Between  the  tropics  these  blow,  during  a 
great  part  of  the  year,  more  or  less  from  the  east,  and  consequently 
there  is  a  general  tendency  of  the  waters  towards  the  west. 

Currents  from  the  poles  towards  the  tropics  are  produced  by 
difference  of  temperature.  Sea  water  increases  in  specific  gravity  as 
it  becomes  colder,  not  expanding  when  it  reaches  the  freezing  point 
like  fresh  water,  and  consequently,  when  its  temperature  is  reduced 
at  the  surface,  in  high  latitudes,  it  sinks,  and  warmer  and  lighter 
water  rises  to  supply  its  place.  By  a  continuance  of  the  rising  and 
descending  currents  thus  produced,  the  lower  parts  of  the  sea,  in 
high  latitudes,  become  of  greater  specific  gravity  than  those  of  the 
tropics  at  the  same  depths,  and,  unless  prevented  by  the  interposition 
of  a  submarine  barrier,  will  move  horizontally  towards  the  equator, 
producing  a  superficial  current  of  the  lighter  and  warmer  water  in 
the  opposite  direction. 

A  powerful  current,  which  commences  100  leagues  from  the 
Straits  of  Gibraltar,  sets  constantly  into  the  Mediterranean.  It  is 
supposed  to  be  caused  by  the  tendency  of  excessive  evaporation  to 
reduce  the  waters  of  that  inland  sea  below  the  level  of  the  adjoining 
ocean ;  and  similar  currents  must  take  place  between  two  regions 
of  the  ocean  which  contribute  in  different  proportions  to  the  waters 
of  the  atmosphere. 

A  current  once  set  in  motion  by  these  causes,  separate  or  com- 
bined, and  flowing  from  north  to  south,  or  from  south  to  north,  is 
subject  to  modifications  from  the  rotation  of  the  earth.  In  passing 
from  polar  to  equatorial  regions  it  will  be  continually  advancing 
into  latitudes  where  the  rotatory  velocity  is  greater  than  in  those 
which  it  is  leaving,  and  it  will  be  deflected  towards  the  west,  or  in 
a  direction  contrary  to  that  of  the  earth^s  motion ;  while  in  passing 
from  the  equator  towards  the  poles  it  will  retain  an  excess  of  rotatory 
velocity  over  that  of  the  regions  into  which  it  is  proceeding,  and 
will  be  deflected  towards  the  east. 

Currents  of  the  Indian  and  Atlantic  Oceans.  The  system  of 
currents  best  known,  is  that  which,  commencing  in  the  Indian 
Ocean,  crosses  and  recrosses  the  Atlantic,  under  the  various  names 
of  the  LaguUas  current,  the  South  Atlantic  current,  the  Equatorial 
current,  and  the  Oulf  stream. 

Two  currents,  raised  in  the  Indian  Ocean,  principally  by  the 
trade  winds,  and  coming,  the  one  from  the  open  sea,  the  other  down 
the  Mozambique  Channel,  unite  to  the  south  of  Madagascar.     The 
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united  ttreaiUf  100  miles  broad,  runs  down  the  south-eastern  coast 
of  Africa,  till  turned  westward  by  the  great  bank  of  Lagnllaa,  off 
the  cape  of  that  name ;  it  doubles  the  southern  point  of  Africa  and 
flows  slowly  along  its  western  coast  to  the  Bight  of  Benin  (South 
Atlantic),  then  turning  westward  crosses  the  Atlantic  to  the  coast 
of  Brazil  ( Equatorial  current),  and  rans  north-west,  parallel  to  the 
coast  of  Guiana,  receiving  in  its  passage  the  waters  of  the  Maranoo 
and  Orinoco.  After  passing  Trinidad  it  expands  over  the  Caribbean 
Sea  and  the  Gulf  of  Mexico. 

There  the  pent-up  waters  are  raised  to  a  temperature  6^  higher 
than  that  of  the  ocean  in  corresponding  latitudes,  and  escape  with 
great  rapidity  through  the  Straits  of  Florida,  flowing  northward 
along  the  caist  of  North  America,  nearly  to  lat.  44^,  where  they 
turn  westward  to^vards  the  Azores,  covering  the  sea  in  the  vicinity 
of  those  islands,  over  a  space  extending  between  200  and  300  miles, 
from  north  to  south,  with  water  nearly  10^  Fahr.  warmer  than  the 
neighbouring  parts  of  the  ocean.  The  eflects  of  the  Gulf  stream  are 
sometimes  felt  in  the  Bay  of  Biscay,  and  a  branch  of  it  occasionally 
brings  tropical  wood  and  fruits  to  the  shores  of  Iceland,  Norway, 
and  Ireland.  One  portion  falls  into  the  Guinea  current,  which  runs 
southward  along  the  coast  of  Africa  to  the  Bight  of  Benin,  and 
there,  joining  the  Equatorial  current,  recrosses  the  Atlantic. 

A  current  sets  into  the  Polar  Sea,  through  Behring'^s  Straits,  and 
two  currents  issue  from  the  same  sea  into  the  Atlantic,  the  one 
between  Greenland  and  America,  the  other  down  Hudson'^s  Bay  and 
Davis^s  Straits.  This  latter  runs  along  the  coast  of  America,  as 
far  as  Newfoundland,  bringing  icebergs  occasionally  within  the 
limits  of  the  Gulf  stream,  which  this  Polar  current  there  joins, 
taking  an  eastern  direction  to  the  shores  of  Europe  and  Africa. 

Erosive  xiction  of  the  Sea  on  Coasts. 

The  waters  of  the  ocean  are  also  affected  by  temporary  currents 
produced  by  the  action  of  gales  of  wind.  The  waves  raised  by  such 
storms,  when  they  break  upon  the  shore,  are  the  principal  agents  in 
the  destruction  of  the  land,  and  in  the  formation  of  detritus,  which 
is  transported  and  deposited  at  other  points  by  tides  and  currents. 

The  waste  of  a  coast  is  more  or  less  rapid,  according  to  circum- 
stances, such  as  exposure  to  a  wide  expanse  of  sea,  the  nature  of  the 
strata,  and  the  form  in  which  they  are  exposed  to  the  action  of  the 
waves.  Tlie  configuration  of  a  given  line  of  coast  indicates  the 
nature  of  the  component  materials,  hard  rocks  projecting  in  bold 
promontories,  while  deep  bays  are  scooped  out  in  soft  and  yielding 
strata,  and  at  the  weakest  points,  such  as  the  junction  of  two  forma- 
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tions.  Even  the  hardest  rocks  are  worn  into  holes  and  caverns  by 
the  battering  of  the  surge  and  the  grinding  action  of  the  sand  and 
gravel  with  which  it  is  cliarged.  This  process  is  greatly  accelerated 
by  the  unequal  hardness  of  different  parts  of  the  same  rock,  and  by 
the  joints,  faults,  and  fissures  by  which  they  are  traversed.  The 
magnitude  of  the  masses  of  rock  moved  by  the  waves  when  they 
break  upon  the  coast  during  violent  gales,  appeara  astonishing,  till 
we  reflect  that  the  specific  gravity  of  the  heaviest  rocks  is  not  more 
than  thrice  that  of  water,  and  consequently,  that  from  their  weight, 
as  estimated  in  the  air,  we  must  deduct  a  third  when  immersed  in 
a  denser  fluid.  We  have  satisfactory  evidence  of  blocks,  varying  in 
weight  from  two  to  seven  tons,  being  drifted  up  inclined  planes, 
during  such  storms,  for  the  distance  of  one  hundred,  and  even  two 
hundred  feet.  The  destructive  action  of  the  waves  on  rocks  of  equal 
hardness,  is  greatest,  when  they  ofler  an  abrupt  front  to  it,  and  is 
the  least  on  flat  shores,  where  the  breakers  meet  with  no  resistance, 
but  spend  themselves  on  the  slope  of  a  beach.  When  the  coast  in 
composed  of  stratified  rocks,  the  dip  of  the  strata  towards  the  sea  at 
a  low  angle,  has  the  same  eflect  in  breaking  the  force  of  the  surge. 

The  wear  produced  by  the  wintry  storms,  on  even  such  hard 
materials  as  the  granitic  and  schistose  rocks,  when  exposed  to  the 
uncontrolled  violence  of  an  open  ocean,  is  strikingly  exemplified  by 
the  broken  outline  of  the  western  coasts  of  Scotland  and  Ireland, 
studded  with  numerous  islets,  and  penetrated  by  deep  indentations. 
On  the  eastern  and  southern  sides  of  England,  consisting  of  second- 
ary and  tertiary  strata,  though  less  exposed,  the  waste  is  so  rapid, 
from  the  softer  nature  of  the  materials,  as  to  have  become  matter  of 
record  and  observation,  and  to  suggest  the  reflection  how  little  such 
strata  would  be  able  to  withstand  the  full  fury  of  the  Atlantic, 
if  unprotected  by  the  rocky  barriers  of  Scotland,  Ireland,  Wales, 
and  Cornwall. 

Waste  of  the  Eastern  Coast  of  England.  The  whole  coast  of 
Yorkshire,  from  the  Tees  to  the  Humber,  is  yielding  to  the  action 
of  the  sea.  Its  effects  are  considerable  on  the  chalky  and  oolitic 
clifls  of  Scarborough  and  Flamborough  Head,  which  often  rise  to 
the  height  of  three  hundred  feet,  but  the.  process  of  destruction  ig 
more  slow  than  on  the  diluvial  deposits  of  Holdemess,  composed  of 
sand,  clay,  and  gravel,  which  do  not  attain  a  greater  elevation  than 
one  hundred  and  fifty  feet  above  the  sea.  On  this  part  of  the  coast, 
the  sites  of  many  ancient  villages  are  now. occupied  by  sand-banks, 
while  the  names  have  either  disappeared  from  the  maps,  or  have 
been  transferred  to  situations  further  inland.  At  Owthome,  the  sea 
advances  at  the  rate  of  four  yards  in  a  year,  and  fears  are  enter* 
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tained  lett  it  should  breach  Spam  Point,  and,  mahing  into  the 
Humber,  devastate  the  rich  marshes  which  border  that  rirer. 

On  the  greater  part  of  the  Norfolk  coast,  the  waate  is  eqnallj 
rapid.  At  Hunstanton,  the  chalk  clifi,  baaed  on  an  arenaeeotu  bed, 
are  easily  undermined,  but  the  rock  comes  down  in  lai^ge  maases, 
which,  for  a  time,  form  a  protecting  barrier  against  the  wsves.  The 
loss  of  land,  here,  is  about  ten  yards  in  thirty  years.  At  Sheiring- 
ham,  the  low  cliA  of  chalk  covered  with  sand  and  gravel,  lose  about 
one  yard  in  a  year,  but  the  rapid  slope  of  the  surface,  from  the  sea, 
has  lately  caused  a  greater  area  to  be  removed  in  a  given  timei,  and 
seventeen  yards  disappeared  between  1824  and  1829,  at  which  date^ 
there  was  a  depth  of  twenty  feet  of  water,  where  less  than  fifty  years 
before  there  had  existed  a  cliff  fifty  feet  high.  From  Cromer  to  the 
mouth  of  the  Thames,  nearly  equal  havoc  is  produced  on  the  ter- 
tiary and  diluvial  strata  of  sand  and  clay,  and  we  have  authentic 
records  of  the  loss  of  whole  manors  and  villages,  with  the  greater 
part  of  the  once  populous  borough  of  Dunwich  *. 

The  southern  coast  is  wasting  at  many  points  in  a  similar  man- 
ner, and  while  we  write,  a  meeting  of  land-owners  is  oonrened  at 
tiittlehampton,  to  devise  means  for  preventing  the  encroaohnieiita  cl 
the  sea. 

Modern  Marine  Deposits. 

The  materials  derived  from  the  wasting  land,  are  distributed  by 
the  agitation  of  the  waves,  according  to  magnitude  and  specific 
gravity ;  the  larger  and  heavier  fragments  remain  upon  the  beach, 
till  they  are  ground  down  to  coarse  sand,  or  are  thrown  up  beyond  the 
reach  of  the  breakers;  sand  is  pushed  forward  by  the  tides,  and  finely 
divided  argillaceous  matter  remaining  longer  in  suspension  is  widely 
diffused  by  the  action  of  currents;  some  is  deposited  in  sheltered 
situations  along  the  coast,  where  the  agitation  is  less,  and  the  velocity 
of  the  current  diminished ;  some  is  borne  into  the  deeper  recesaes  of 
the  ocean. 

Shingle  Beaches^  and  Sandy  Dunes,  The  breakers,  themselves, 
in  some  situations,  raise  barriers  against  their  own  encroachments, 
by  projecting  shingles  on  the  land,  out  of  the  reach  of  the  retiring 
wave.  The  points  favourable  to  the  formation  of  shingle  beaches, 
are  low  flat  shores,  protected  on  the  sides  by  rocky  points.  Sand 
can  be  transported  by  currents  whose  velocity  is  insu£Bcieni  to  move 
shingle,  but  at  the  same  time,  it  can  be  thrown  upon  the  land  by 
waves  of  smaller  force,  and  when  dry,  is  driven  onward  by  the  wind, 
and  collected  into  hills,  or  dunes,  held  together  by  the  creeping  roots 

*  For  fuller  details  cODSult  Ltell's  Principles  of  Geology,  vol.  IL,  p.  21. 
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of  the  arundo  maritima,  or  marram.  These  hills  bar  up  the  mouths 
of  small  rivers  and  estuaries,  and  form  natural  embankments  for  the 
protection  of  those  rich  alluvial  flats  which  the  tide  deposits  in  every 
situation  where  its  current  stagnates. 

Silted-up  Estuaries,  Our  eastern  coast  afibrds  several  examples 
of  the  increase  of  land  thus  formed.  The  strait  which  separated  the 
Isle  of  Thanet  from  the  rest  of  Kent,  and  was  navigated  by  the 
Roman  fleets,  the  broad  arm  of  the  sea,  which  during  the  Saxon 
era  extended  up  the  Yare  to  Norwich,  and  the  estuary  of  the  Ouse 
near  Lewes,  have  all  been  silted  up  within  the  lapse  of  a  few  cen- 
turies. The  description  given  by  Mr.  Mantell,  of  these  modem 
strata  in  the  Lewes  levels,  indicates  the  several  stages  of  the  opera- 
tion. At  the  depth  of  thirty-six  feet,  resting  on  detritus  derived 
from  the  chalk,  are  beds,  containing  exclusively  marine  remains, 
among  which  has  been  found  the  skull  of  the  narwal  or  sea-unicorn. 
These  are  covered  by  blue  clay,  containing  a  mixture  of  fluviatile 
and  marine  shells,  showing  that  the  water  had  become  shallower 
and  brackish,  or  alternately  salt  and  fresh.  On  this  again  is  blue 
clay,  containing  freshwater  shells,  only  with  the  remains  of  deer* 
deposited  when  the  shoaling  was  so  far  advanced  that  the  river  pre- 
vailed exclusively,  and  the  water  was  no  longer  habitable  by  marine 
testacea.  The  next  step  was  the  formation  of  a  morass,  on  which 
trees  grew,  or  were  drifted  there  by  floods,  for  the  clay  is  covered 
by  a  bed  of  peat,  five  feet  thick,  containing  abundance  of  wood;  and 
lastly,  this  bog  was  converted  into  a  meadow,  by  the  silty  deposit 
left  upon  it,  by  the  occasional  overflowing  of  the  river. 

These  additions  to  the  land  have  been  efiected  entirely  by  the 
operation  of  nature;  but  the  rich  alluvial  flat  of  Romney  Marsh,  and 
those  which  border  the  estuaries  of  the  Humber  and  the  Wash, 
formed  in  part  of  sediment  brought  down  by  the  rivers,  and  in 
part  of  that  derived  from  the  wasting  clifls  of  Holdemess,  have 
been  greatly  extended  by  artificial  embankments. 

The  fens  of  Lincolnshire  lie  chiefly  below  the  level  of  the  sea, 
which  is  still  contending  for  the  possession  of  them,  and  is  only 
excluded  by  the  skill  of  the  engineer.  From  the  evidence  of  the 
peat  bogs  buried  beneath  them,  they  appear  to  have  once  constituted 
a  wooded  tract,  which  became  submerged,  was  partially  embanked 
by  the  Romans,  again  inundated  after  their  departure,  and  finally 
recovered  and  extended  at  various  subsequent  periods.  The  recent 
application  of  the  steam-engine  to  the  drainage  of  these  fenny  dis- 
tricts, has  added  considerably  to  their  value ;  and  it  is  now  in  con- 
templation to  reclaim  more  than  200,000  acres  of  mud  banks,  on 
the  borders  of  the  Wash,  which  are  at  present  covered  every  tide 
by  about  sixteen  feet  of  water, 


438  MODRR.V    GROUP. 

If  we  turn  to  the  opposite  shores, — to  the  "  amphibious  world," 

Embosomed  in  the  deep,  where  HoQand  lies, — 

we  see  tracts  far  more  extensive,  won  hy  man  from  the  ocean,  to 
which  the  ocean  is  re-asserting  his  claim.  The  whole  coast  line, 
from  the  Baltic  to  Ostend,  has  for  many  centuries  heen  yielding  to 
the  force  of  the  waves,  which  neither  natural  nor  artificial  barriers 
have  been  able  to  withstand.  The  islands  'on  its  borders  have 
diminished  in  number  and  extent ;  rich  and  populous  districts,  pro- 
tected by  sandy  dunes  and  costly  embankments,  have  been  over- 
whelmed, and  marine  bays  have  been  extended  far  into  the  interior 
of  the  land.  Of  these  irruptions  of  the  sea,  the  most  terrible  were 
that  by  which  the  Bies  Bosh  was  formed  in  1421,  and  seventy-two 
villages  destroyed,  by  the  bursting  of  a  dike,  and  those  successive 
inroads  during  the  thirteenth  century,  which  swept  away  the 
isthmus  between  Steveren  and  Medemblick,  and  spread  the  expanse 
of  the  Zuydcr  Zee  over  the  sites  of  towns,  villages,  and  inland  lakes. 
So  far,  then,  from  these  new  deposits  counterbalancing  the 
destruction  of  the  land,  they  can  only  be  regarded  as  temporary 
acquisitions ;  the  march  of  the  ocean  is  still  onward,  its  real  contest 
is  with  the  more  solid  strata  which  protect  them ;  these  are  slowly, 
but  incessantly  yielding,  and,  deprived  of  their  protection,  the 
low  alluvial  districts  will  disappear  with  the  utmost  rapidity. 

Submarine  Slioah  collecting  the  British  Islands  tcith  the 

Continent, 

On  the  other  hand,  tlio  elevation  of  the  bed  of  the  sea,  to  the 
extent  of  200  or  SOO  feet,  would  make  a  considerable  addition  to 
the  area  of  the  land,  for  the  mean  depth  of  the  German  Ocean  does 
not  exceed  thirty-one  fathoms,  and  the   British  Islands  are  con- 
nected beneath  the  sea  with  the  continent,  by  a  region  of  shoals, 
known   to  navigators  by  the  name  of  "  soundings,''''  which   com- 
mences at  the  bottom  of  the  Bay  of  Biscay,  and  sweeps  round  by 
the  western  coast  of  Ireland  to  that  of  Norway.     Throughout  the 
greater  part  of  this  tract,  the  bottom  may  be  reached  with  a  line  of 
eighty  or  ninety  fathoms,  and  is  found  to  consist  of  large  banks, 
(the  Dogger  Bank  is  345  miles  in  length,)  intersected  by  deep  and 
narrow  ravines,  with  precipitous  sides.     These  banks  may  be  consi- 
dered as  inequalities  in  the  rocky  bed  of  the  sea,  produced  durin<y 
movements  of  elevation,   and   covered  with  the  mingled  detritus 
derived  from  the  wasting  shores  of  England  and  Holland,  and  the 
sediment  discharged  into  it  by  rivers. 

In  some  parts,  the  sounding  line  brings  up  small  gravel,  broken 
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and  drifted  shells  and  corals,  bones  and  teeth  of  fishes;  but  the 
surface  of  the  banks  consists  in  general  of  sand  and  mud,  inhabited 
by  various  species  of  zoophytes  and  niolhiscs,  and  there  can  be  no 
doubt  that,  if  laid  dry  for  our  inspection,  they  would  present  a  close 
analogy  in  mineral  characters,  mode  of  aggregation,  and  distribution 
of  organic  remains,  to  the  strata  of  the  crag.  The  principal 
difierence  would  be,  that  the  latter  would  yield  a  certain  proportion 
of  extinct  species  not  to  be  met  with  in  these  recent  deposits. 

Deposits  of  the  Adriatic.  Donati  found  a  similar  resemblance 
between  the  deposits  now  accumulating  in  the  Adriatic  and  the 
tertiary  strata,  elevated  1 000  feet  above  the  sea  in  the  Subapennine 
hills.  He  ascertained  that  certain  tracts  were  destitute  of  shells, 
and  that,  in  others,  particular  families  were  grouped  together,  while 
in  some,  again,  a  confused  mass  of  shells,  corals,  and  crustaceans  of 
different  species,  were  enveloped  in  mud,  sand,  and  gravel.  In 
short,  he  found  every  variety  in  the  distribution  of  organic  remains 
observable  in  the  secondary  and  tertiary  strata.  On  the  surface  of 
the  deposits  he  obtained  living  molluscs,  or  their  shells,  in  a  high 
state  of  preservation — for  a  foot  below  it  they  retained  the  ordinary 
character  of  dead  shells — and  at  greater  depths,  they  were  com- 
pletely mineralized  and  enveloped  in  solid  calcareous  tufa. 

Calcareous  springs,  so  prevalent  in  Italy,  as  well  as  other  volcanic 
regions,  feeding  the  rivers  which  enter  the  Mediterranean,  or 
breaking  out  beneath  its  waters,  will  explain  the  presence  of  calca- 
reous rocks  among  the  sedimentary  deposits.  The  marl  of  the 
Forfarshire  lakes  was  converted,  it  will  be  remembered,  into  com- 
pact limestone,  in  the  vicinity  of  the  springs  which  fed  them,  and 
similar  precipitates  of  carbonate  of  lime  may  be  expected  among  {he 
deposits  of  all  seas,  where  the  water  receives  a  greater  quantity  of 
calcareous  matter  than  is  consumed  by  the  testacea  and  polypifers  in 
the  construction  of  their  habitations. 

Diffusion  of  Sediment  hy  Currents. 

It  is  only  at  the  mouths  of  rivers,  near  the  shores,  or  in  shallow 
seas  like  the  German  Ocean  and  Adriatic,  that  we  can  thus  watch 
the  progress  of  marine  deposits,  and  ascertain  their  nature.  What 
passes  in  the  depths  of  the  ocean  must  remain  a  mystery  to  us.  Its 
mean  depth  is  variously  estimated  at  from  one  to  five  miles,  and 
it  probably  contains  profound  abysses,  in  which  no  sediment  is 
deposited,  and  which  are  rendered,  by  pressure  and  the  absence  of 
light,  as  destitute  of  life  as  the  snow-clad  summits  of  the  Himalayas 
or  the  Andes. 

Even  from  those  parts  of  the  oceanic  bed  accessible  by  the 
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Nonndin^  line,  we  are  not  yet  in  ponemm  of  all  the 
which  might  be  obtained.  The  nperficial  TdoeitiaB,  m 
direetioni  of  earrenu,  reqnire  to  be  mofe  aeemmtdy 
Of  the  depthi  to  which  thej  extend  we  know  aearedjr  m^tiiing. 
Accurate  information  on  these  points  would  fiunudi  datm  lor  ledne- 
ing  to  calcnktion  the  distance  to  which  particlea  of  a  given  magni- 
tnde  and  specific  graTitjr  may  be  diflbaed  bj  cnrrentc.  That  the 
fine  detritus  of  the  hmd  may  be  transported  to  great  diatsneea,  we 
learn  from  the  fiict  obsenred  by  Captain  Sabine,  that  the  fieih  and 
turbid  waters  of  the  Maranon  aflbct  the  surfiwe  of  the  oeean  for 
300  miles  from  its  mouth. 

Coral  Formati&M. 

We  might,  likewise,  obtain  much  more  informatioii  than  we  at 
present  possess  respecting  the  habitats  of  marine  phunta  and 
animals,  the  connexion  of  particular  tribes,  with  the  nmtore  of  ths 
sediment,  and  the  depths  ct  water  of  which  they  are  charaeteriatie. 
Much  light  has  recently  been  thrown  on  the  nature  and  giowth  of 
coral  reefs  and  islands,  by  the  obsenrations  of  Quoy  and  Gmimard, 
Stuchbury  and  Darwin.  From  the  vast  spaces  occupied  in  the 
Pacific  Ocean  by  coral  reefs  and  small  islands,  with  greet  and 
frequently  unfathomable  depths  close  to  their  sides,  very  erroneous 
notions  had  prevailed  respecting  the  part  performed  by  marine 
zoophytes,  in  adding  to  the  stony  matter  of  the  globe.  It  was 
sup])0fled  that  they  raised  these  masses  from  the  bottom  of  the  sea, 
but  it  is  now  ascertained  that  they  only  inhabit  water  of  moderate 
depth,  and  that  the  calcareous  crust  constructed  by  them  is  based 
on  the  summits  of  submarine  mountains. 

Distribution  of  Coral  Formations.  A  high  temperature  is  essen- 
tial to  the  abundant  developement  of  coral.  It  fringes  the  shores 
and  islands  of  the  Persian  and  Arabian  Gulfs,  the  West  Indies,  and 
the  Indian  Ocean,  and  abounds  in  those  parts  of  the  Pacific, 
included  between  the  thirtieth  degrees  of  north  and  south  latitude. 
A  great  reef  extends  along  the  north-east  coast  of  Australia  for 
1000  miles,  with  few  interruptions,  and  for  the  space  of  350  miles 
is  completely  continuous. 

The  Maldiva  Islands  lying  in  the  Indian  Ocean,  to  the  south- 
west of  Malabar,  form  a  chain  extending  northwards  for  480  miles, 
arranged  in  annular  groups  or  atols,  the  longest  diameter  of  some 
of  which  is  nearly  fifty  miles;  and  the  Laccadiva  and  Chagos 
Islands,  lying  to  the  north  and  south  of  these,  are  probably  continu- 
ations of  the  same  submarine  ridge. 

Of  the  lamelliferous  corals,  the  only  efficient  agents  in  the 
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formation  of  coral  rock,  the  most  common  genera  are  astrea,  mean- 
drina,  caryophyllia,  porites,  and  madrepora,  and  the  depths  at 
which  they  commence  their  operations  do  not,  according  to  Stuch- 
bury  and  Darwin,  exceed  fifteen  or  twenty  fathoms,  at  which 
depths  rocks  may  be  seen  through  the  calm  and  clear  water  desti- 
tute of  living  coral ;  below  twelve  fathoms,  the  bottom  generally 
consists  of  calcareous  sand,  or  of  masses  of  dead  coral  rock.  MM . 
Quoy  and  Gaimard  state  that  astrea,  which  alone  is  capable  of 
covering  large  spaces,  is  not  brought  up  from  water  exceeding  five 
fathoms,  though  branching  corals  live  at  greater  depths.  The  line 
of  lowest  water  at  spring  tides  is  the  greatest  height  to  which  they 
build. 

The  coral  banks  of  the  Red  Sea  are  only  visible  at  low  water, 
are  of  a  square  or  ribbon-like  form  with  tabular  summits.  The 
reefs  of  the  Bermudas  are  described  by  Lieutenant  Nelson  as  con- 
forming to  the  shape  of  the  rocky  basis  on  which  they  rest.  This 
is  occasionally  such  as  to  produce  belts  of  coral,  inclosing  spaces  of 
tranquil  water,  the  bottom  of  which  is  composed  of  mud  resembling 
chalk,  derived  from  the  decomposition  of  the  softer  corals. 

The  reefs  themselves  assume  a  stratified  form,  and  consist  of  a 
mass  of  corals,  calcareous  sand,  and  drifted  sediment,  inclosing  the 
remains  of  molluscs  and  crustaceans.  In  these  reefs  it  is  impossible 
not  to  recognise  a  resemblance  to  the  coralline  limestones  of  the 
oolites  and  other  secondary  strata,  which  is  not  quite  so  obvious  in 
the  coral  rock  of  the  Pacific. 

Coral  Isles  and  Reefs  of  the  Paoifie.  In  the  Pacific  and  Indian 
Oceans  coral  formations  appear  under  a  variety  of  forms, — as  flat  and 
tabular  islands,  as  fringes  closely  investing  elevated  land,  as  barriers 
protecting  it  at  a  distance,  with  an  intervening  channel  of  deep 
water,  and  either  stretching  along  an  extensive  line  of  coast  or 
encircling  insulated  points,  and  lastly,  as  annular  reefs  and  islands, 
inclosing  lagoons  of  shallow  water.  These  varieties  may  all  be 
reduced  to  two  divisions,  each  of  which,  according  to  Mr.  Darwin, 
prevails  exclusively  over  certain  spaces  of  the  Pacific,  and  marks 
alternate  bands  of  elevation  and  depression  ;  areas  of  elevation  being 
proved  by  fringing  reefs  or  by  masses  of  coral  and  beds  of  shells 
occurring  beyond  the  limits  of  high  water,  depression  being  deduced 
from  the  presence  of  encircling  or  barrier  reefs  and  lagoon  islands. 

Lagoon  Islands  consist  of  circular  or  oval  belts  of  coral,  varying 
in  breadth  from  400  or  500  yards  to  one  mile,  and  from  two  to  150 
miles  in  circumference.  This  ring  rising  from  two  to  five  feet  above 
the  water,  and  covered  with  cocoa-nut  and  other  trees,  and  having 
an  abrupt  descent  towards  the  ocean,  constitutes  the  habitable  part 
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of  the  island,  and  is  broken  by  one  or  more  deep  channels,  by  whieh 
vessels  may  enter  the  secure  harbour  of  the  lagoon.     The  depth  of 
water  within  the  ring  varies  from  twenty  to  diirty-eight  fathoms, 
and  the  bottom  is  generally  covered  with  the  smaller  and  more 
delicate  kinds  of  coral,  the  exterior  of  the  ring,  exposed  to  the  serf, 
being  occupied  by  the  stronger  species,  which  are  continually  extend- 
ing the  dimensions  of  the  island  by  raising  their  structures  to  the 
surface,  ceasing  to  build  only  when  they  attain  the  line  of  low-water. 
The  basis  thus  formed  is  covered,  by  the  surf  which  breaks  upon  it, 
with  fragments  of  coral  limestone  and  calcareous  sand,  but  for  which 
the  rock  would  be  inundated  during  high  tides.     The  islands  of  the 
dangerous  Archipelago  are  of  this  description.     The  windward  side 
of  annular  islands  is  generally  the  highest,  and  sometimes  is  the  only 
part  above  the  level  of  the  sea,  forming  a  crescent,  occasionally 
wooded  and  inhabited,  while  the  remainder  is  a  mere  reef,  twenty 
or  thirty  feet  under  water.     The  same  lunulate  form  prevails  in 
those  numerous  sunken  reefs,  of  whose  presence  navigators  are  only 
warned  by  the  breaking  of  the  surf,  or  by  a  few  rocks  rising  above 
the  surface.     These  reefs,  like  the  lagoon  islands,  are  highest  on  the 
w  indward  side,  gradually  disappearing  into  deep  water  on  the  lee- 
ward side.     It  is  also  on  the  leeward  side  that  the  entrance  into  the 
lagoons  is  situated.     Volcanic  islands  have  generally  a  gorge  on  one 
side  of  the  cone,  which  communicates  with  the  sea,  and  the  form  of 
these  lagoon  islands  has  been  supposed  to  bo  derived  from  the  shape 
of  the  sunken  craters  on  which  they  are  based.     The  constant  posi- 
sion,  however,  of  the  opening  into  the  lagoon,  on  the  leeward  side, 
is  not  easily  ex])lained  on  the  supposition  of  its  being  due  to  volcanic 
action.     Circular  islands  and  reefs,  so  numerous  in  the  Pacific  and 
Indian  Oceans,  do  not  occur  in  the  West  Indies. 

Barrier  Reefs,  Encircling  reefs  surround  elevated  land  at  dis- 
tances from  the  shore,  varying  from  1 00  yards  to  two  or  three  miles, 
and  have  passages  of  entrance  into  the  channel,  like  those  of  the 
lagoon  islands.  Most  of  the  Society  Islands  belong  to  this  class.  The 
two  islands  of  Raiatea  and  Tahaa  are  both  included  within  one  reef, 
having  several  channels,  both  on  the  windward  and  leeward  sides. 
When  the  islands  are  large  enough  to  supply  rivulets,  the  breaks  in 
the  reef  are  generally  opposite  the  points  where  the  fresh  water  enters 
the  sea,  and  renders  it  distasteful  to  the  coral-building  polypifers. 

The  great  reef  already  mentioned  as  running  for  1000  miles, 
nearly  parallel  to  the  north-east  coast  of  Australia,  furnishes  a  mag- 
nificent example  of  a  linear  barrier  reef,  and  is  considered  by  Mr. 
Darwin  as  the  grandest  and  most  extraordinary  coral  formation  in 
the  world.     The  reef  itself,  in  each  of  these  tluree  classes  of  lagoon. 
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encircling,  and  barrier,  is  closely  similar,  diiTering  only  in  the  absence 
or  presence  of  neighbouring  land,  and  in  the  relative  position  of  the 
reef  with  respect  to  it.  If,  with  Mr.  Darwin,  we  consider  them 
proofs  of  subsidence,  Tahiti,  or  Otaheite,  affords  evidence  of  former 
elevation,  for  on  the  summit  of  its  loftiest  mountain,  rising  7000 
feet  above  the  sea,  there  is  a  bed  of  coral,  with  an  extinct  crater, 
situated  somewhat  below  it.  It  would  appear  likewise  that  the 
island  had  been  thrown  up  by  a  sudden  movement,  for  if  it  had 
risen  slowly  corals  ought  to  be  found  growing  round  the  edge  of  the 
crater,  and  on  the  slopes  of  the  mountain.  In  the  Mauritius  a  bed 
of  coral  is  included  between  two  currents  of  lava,  and  there  can  be 
no  doubt  that  in  the  Pacific,  where  all  the  islands  not  composed  of 
coral  are  volcanic,  similar  alterrttions  are  now  in  the  course  of 
formation.  Among  the  islands  visited  by  Captain  Beechy,  on  his 
voyage  to  the  Pacific,  one  named  Henderson'*s  Island  was  about  five 
miles  long,  and  one  mile  broad,  with  a  flat  surface,  and  bounded* 
except  on  one  side,  by  perpendicular  cliffs,  fifty  feet  in  height,  com- 
posed entirely  of  coral,  hardened  in  part  into  compact  limestone. 
In  many  of  the  reefs  of  living  coral,  parts  of  the  mass  appear  to 
have  undergone  this  change,  which  must  have  arisen  from  the  par- 
tial solution  and  re-precipitation  of  the  calcareous  matter.  Hen- 
derson^s  Island  appears  to  have  been  thrown  up  by  one  movement 
of  elevation,  as  the  cliffs  exhibit  no  succession  of  terraces  indicating 
a  gradual  rise.  The  depth  of  water,  at  a  few  hundred  yards  from 
the  shore,  exceeds  200  fathoms. 

Lagoon  and  Banter  Reefs  ivdicate  motements  of  Depression  and 

Elevation. 

The  circular  and  oval  forms  of  reefs  and  lagoon  islands  were  very 
generally  supposed,  till  lately,  to  have  arisen  from  their  having  been 
formed  on  the  craters  of  submarine  volcanos ;  and  it  is  by  no  means 
improbable,  that  this  has  been  the  origin  of  some  of  the  smallest  of 
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them ;  but  in  the  case  of  the  larger  and  less  regular  annular  groups, 
such  as  those  of  the  Maldivas,  where  we  must  suppose  the  craters 
fifty  miles  in  diameter,  the  explanation  appears  by  no  means  satis- 
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fiwtory;  and  the  tbmrr  proposed  by  Mr.  Darwin,  wliioh  regardj 
them  as  numuments  of  submorged  land,  iaoluding,  as  it  does,  every 
variety  of  structure,  appears  preferable.  The  anaesed  diagruna  (208 
— 210)  represent  land  in  throe  stages  of  submerBion.  In  ^8,  it  is 
a  high  ialand,  surrounded  by  an  investing  reef  of  coral  o  e,  wbtofa 
extends  downwards,  to  the  greatest  depth  at  which  the  polypifen 
can  live,  that  is,  about  twenty  fathoms.  These,  as  the  Iwd  alowly 
subsides,  still  keep  the  structure  level  with  the  surfooe  b  b  (209), 
adding  more  ooral  (e'  c")  upon,  but  not  within  the  reef,  for  those  whiob 
grow  in  tranquil  water  are  very  difiwent  from  those  jn  the  extariw, 
and  Ims  efficient  in  adding  to  the  mass.  Thus,  while  the  portien 
of  roek  a  has  subdivided,  the  coral  c'  is  fonned.  and  we  have  aa 


island,  guarded  by  an  encircling  reef.  As  the  subsidence  continues, 
the  rock  becomes  wholly  submerged,  the  coral  c"  (210)  is  added,  and 
a  lagoon  reef,  or  island,  producoJ,  the  space  between  the  coral  and 
the  rock  being  filled  by  fragments  of  broken  coral.  In  the  same 
manner,  a  reef  skirting  a  long  line  of  shore  would  be  changed  into  a 
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barrier  parallel  to,  but  at  some  distance  from,  the  land.     Fig.  211 
ni^eseiiti  the  contrary  process,  in  which,  by  the  gradual  rise  of  the 
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land,  the  water  level  is  shifted  from  b  to  b\  part  of  the  investing 
reef  is  laid  dry,  and  fresh  coral,  c,  added  on  the  outside. 

In  corroboration  of  these  views,  Mr.  Darwin  assures  us,  that 
there  exists  every  intermediate  form,  between  that  of  a  well  charac- 
terized encircling  reef  and  a  lagoon  island,  and  urges  the  prevalence 
of  certain  classes  in  some  parts  of  the  seas,  which  are  never  found 
in  others,  as  a  fact  inexplicable,  except  on  the  theory  of  the  configu- 
ration being  determined  by  the  order  of  movement. 

The  fact,  which  may  be  completely  established,  that  ccoralliferous 
polypifers  only  inhabit  water  of  nunlerate  depth,  is  of  considerable 
importance  in  reasoning  c/a  the  circumstances  under  which  the  coral- 
line limestones  of  the  oolitic  and  other  more  ancient  systems  were 
formed^  These,  though  now  covered  by  many  thousand  feet  of 
strata,  must  have  been,  at  the  time  of  their  formation,  within  about 
twenty  fathoms  of  the  surface,  and  oonsequently,  the  bed  of  the 
ocean  must  have  undergone  a  gradual  movement  of  depression, 
during  the  deposit  of  the  superincumbent  mass  of  strata.  Indepen- 
dent evidence  of  such  depression,  as  well  as  of  subsequent  elevation, 
has  been  ofiered  in  treating  of  the  upper  part  of  the  oolitic  rocks. 

The  gradual  elevation  and  depression  of  the  bed  of  the  ocean  in 
alternate  bands  during  ancient  geological  epochs,  analogous  to  that 
which  appears  from  Mr.  Darwin^s  observations  to  be  now  in  progress 
in  the  Pacific,  may  be  ofiered  as  an  explanation  of  that  alternation  of 
developement  in  the  rocks  of  contiguous  systems,  within  the  distance 
of  a  few  hundred  miles,  of  which  the  Ehritish  Islands  afibfd  many 
examples.  We  may  instance  the  thickness  of  the  gneiss  in  Scot- 
land, and  the  slight  traces  of  it  which  occur  in  Cumberland,  while 
the  thinness  of  the  Silurian  strata  in  the  same  district,  and  on  the 
western  side  of  North  Walee^  where  the  older  slate  rocks  are  so 
largely  developed,  contrasts  in  h  similar  manner  with  their  thick- 
ness on  the  English  border.  They  again  thin  off  rapidly  to  the 
south,  while  the  old  red  sandstone  in  Herefordshire,  and  still  more 
in  Devonshire,  swells  out  into  a  eomplet  deposit.  That  rock  again, 
thick  in  the  south,  almost  disappears  in  Central  England,  and  its 
disappearance  is  accompanied  hj  a  proporti<^aI  increase  from  south 
to  north  in  the  mass  and  complexity  of  the  superior  millstone  grit. 
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CHAPTER  XXII. 

MODERN  GROUP,— CoNTiKUED. 

Geographical  distribution  of  Active  Volcanos — tolcanic  hand  of  ike 
Asiatic  Isles — South  American  Tolcanos. — Insulated  volcanos — 
difficulty  of  separating  active  from  eittinct  tolcanos — strudure 
and  mode  of  formation  of  volcanic  cones — craters  of  Vesuvius 
and  Etna. — Phenomena  of  eruptions  —  eruption  of  Shaptar 
Jokul — great  eruption  in  Sambawa — of  Jurullo. — Submarine 
volcanos — Isle  of  Sabrina  and  Graham  Island — Van  Buck'^s 
theory  of  craters  of  elevation. — Earthquakes — great  earthquake 
of  Lisbon — changes  of  level  catised  by  earthquakes — recent  eleva- 
tion of  the  coast  of  Chili. — Extinct  volcanos  of  the  Eifel  and 
Auvergne — mammiferous  remains  beneath  lava  currents — divi" 
sion  of  volcanos  into  antediluvian  and  postdiluvian — modem 
plutonic  or  hypogene  rocks. 

» 

Igneous  Rocks. 

Geographical  Distribution  of  Active  Volcanos. 

In  our  examination  of  the  stratified  rocks,  we  have  noticed,  asso- 
ciated with  them,  certain  masses,  to  which  geologists,  by  universal 
consent,  now  ascribe  an  igneous  origin,  and  we  have  detailed  the 
evidence  on  which,  after  much  controversy,  this  conclusion  has  been 
attained.  The  British  Islands  afford  no  means  of  comparing  these 
igneous  rocks  with  the  known  products  of  subterranean  heat,  for 
though  active  volcanos  are  so  numerous  upon  the  surface  of  the 
globe,  few  of  them  are  situated  in  countries  inhabited  by  civilized 
man,  and  fewer  still  fall  within  the  European  area.  The  volcanos 
of  the  Italian  shores  are  the  nearest  points  at  which  we  can  witness 
the  formation  of  pyrogenous  rocks,  and  these  have  furnished  the 
greater  part  of  our  information  respecting  the  fused  matter  ejected 
from  the  interior  of  the  earth.  These  products  we  can  compare 
with  the  lavas  which  have  flowed,  in  otlier  parts  of  Europe,  from 
hills  whose  volcanic  origin  is  evident,  though  their  fires  are  now 
dormant,  and  these  again  form  an  intermediate  term,  connecting 
modern  igneous  rocks  with  those  of  more  ancient  epochs. 

Von  Buch  has  divided  volcanos  into  two  classes,  volcanos  in 
line   and   central  volcanos.     The  difference,   however,    is  perhaps 
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more  apparent  than  real,  for  those  of  the  Grecian  Isles,  Italy,  and 
the  Azores,  classed  by  him  as  central  volcanos,  may  be  considered 
parts  of  a  band, — ^less  defined,  it  is  true,  than  that  of  the  Andes  and 
Eastern  Asia,  but  still  distinctly  traceable  from  the  shores  of  the 
Caspian  into  the  Atlantic,  for  along  this  line,  between  35°  and  40^ 
of  latitude,  volcanic  vents  occur  at  intervals,  and  it  furnishes  other 
indications  of  the  action  of  subterranean  fire,  in  the  presence  of  hot 
springs,  gaseous  exhalations,  and  the  earthquakes  by  which  it  is  so 
frequently  convulsed.  In  like  manner,  we  may  suppose  a  connexion 
to  subsist  between  the  volcanos  of  Iceland  and  those  of  Greenland. 
Central  volcanos,  moreover,  are  connected  with  axes  of  disturbance, 
and  these,  in  the  case  of  volcanos  in  line,  appear  to  have  determined 
the  position  of  the  igneous  vents. 

By  far  the  greatest  number  of  active  volcanos  are  found  in  the 
Pacific  and  Indian  Oceans,  or  on  the  shores  of  the  continents  which 
are  washed  by  them. 

Band  of  the  Asiatic  Inles.  The  most  extensive  lines  of  conti- 
nuous volcanic  action  are  those  of  the  Andes  and  of  the  eastern 
coasts  of  Asia.  The  latter  commences  in  the  peninsula  of  Alaska, 
on  the  north-west  coast  of  Russian  America,  in  about  55°  N.  lat. ; 
and  crosses  to  the  Aleutian  and  Fox  Islands,  and  Kamtschatka. 
Thence  it  proceeds  southwards  by  the  Kurile  and  Japanese  Islands, 
the  Loo  Choo  Archipelago,  the  Philippine  Isles,  Mindanao,  and  the 
north-east  extremity  of  the  Celebes,  to  the  Moluccas.  Here  a 
transverse  line  crosses  it,  one  branch  passing  eastward  by  New 
Guinea,  New  Britain,  New  Ireland,  to  the  New  Hebrides,  the 
Friendly  and  Society  Isles,  and  other  parts  of  the  Polynesian 
Archipelago ;  the  other,  ranging  westward,  turns  to  the  north  with 
a  gradual  curvature  through  Java  and  Sumatra,  and  terminates  at 
Barren  Island,  in  the  Bay  of  Bengal.  Throughout  the  whole  of 
this  tract  the  effects  of  subterranean  fire  are  exhibited  on  a  most 
terrific  scale.  Most  parts  of  it  are  agitated  at  intervals  by  tremen- 
dous earthquakes ;  some  are  scarcely  ever  free  from  slight  vibrations. 
In  the  Aleutian  Archipelago  new  islands  were  thrown  up  in  1806 
and  in  1814;  the  south-west  extremity  of  Kamtschatka  contains 
seven  active  volcanos :  nine  are  known  to  have  been  in  eruption  in 
the  chain  of  the  Kurile  Isles ;  in  the  Japanese  group  the  eruptive 
vents  are  extremely  numerous,  and  there,  as  well  as  in  Formosa, 
earthquakes  are  frequent  and  violent.  Sulphur  Island  is  constantly 
emitting  gaseous  exlialations.  An  eruption  took  place  in  Mindanao, 
in  17G4;  Luzon  contains  three  active  volcanos ;  in  Java  there  are 
thirty-eight,  many  of  which  constantly  discharge  smoke  and  sulphu- 
reous vapour.     Sumbawa   was  devastated  in   1815  by  a  dreadful 
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eruption  of  the  moontjiin  Tomboro,  in  which  the  greater  part  of  the 
population  perished. 

Houih  America.  Actire  rolcanos  are  known  to  extend  along 
the  whole  chain  of  the  Andes,  from  Mexico  to  Chili,  and  are  said 
to  have  been  observed  further  north,  in  California,  and  farther  sooth, 
in  Patagonia  and  Tierra  del  Fuego.  They  hare  all  burst  throagfa 
basalt,  tracbvte,  and  porphyry.  The  highest  put  of  the  chain  is  in 
the  province  of  Quito,  where  the  largest  Tolcanoe,  Cayambe  (its 
summit  crossed  by  the  equator),  Cotopaxi,  Pinchincha,  Antisana, 
K Altar  or  Gapac  Urcu,  and  Tunguragua,  all  occur  between  the 
second  degree  of  south  and  the  third  degree  of  north  latitude. 
Cayambe  rises  to  the  altitude  of  19,625  feet,  in  the  form  of  a  trun- 
cated cone.  The  eruptions  of  Cotopaxi,  a  perfect  cone,  18,858  feet 
in  height,  are  the  most  frequent  and  violent.  In  the  provinces  of 
Paste,  Popayan,  Ouatimala,  and  Nicaragua,  between  Quito  and 
Mexico,  no  less  than  twenty-seven  active  vents  occur  in  the  space 
of  five  degrees  of  latitude.  Mexico  eontains  five  active  volcanos. 
The  north  and  south  line  of  eruption  is  here  crossed  by  an  east 
and  west  line,  which  connects  it  with  the  volcanic  groups  of  St. 
Vincent  and  Ouadalope  on  the  east,  and  of  the  Revillagigedo  on 
the  west.  If  we  now  return  to  Quito,  and  follow  the  chain  to  the 
south,  we  find  one  point  of  eruption  in  Pern,  and  twenty-nine  in 
Chili,  forming  mountains  of  great  height.  Villarica,  one  of  the 
principal  of  these,  is  always  burning,  and  may  be  seen  at  the 
distance  of  150  miles.  Several  active  vents  are  said  to  exist  in 
Patagonia,  and  Captain  Hall  observed  at  a  distance  appearances 
indicative  of  a  volcanic  eruption  in  Tierra  del  Fuego. 

The  whole  region  from  Cape  Horn  to  New  Madrid,  in  the 
United  States,  suffers  severely  ftom  earthquakes.  In  Chili  scarcely 
a  year,  in  Peru  scarcely  a  week,  passes  without  a  slight  shock,  and 
occaBionally  they  are  so  violent  as  to  cause  the  permanent  elevation 
of  extensive  tracts,  from  one  to  twenty  feet  above  their  previous 
level.     In  Quito  and  Mexico  the  shocks  are  equally  numerous. 

In  1812,  at  the  time  of  the  great  earthquake  of  the  Caraccas, 
part  of  the  basin  of  the  Missisippi  was  violently  convulsed  for  800 
miles,  and  New  Madrid  partly  destroyed.  The  coast  bordering  the 
Caribbean  Sea,  and  the  whole  line  of  its  islands,  are  subject  to 
tremendous  shocks,  while  in  Guadalope  and  St.  Vincent's  there  are 
active  vents. 

Insulated  Vokanos.  The  less  continuous  volcanic  tracts,  whose 
geographical  extent  is  but  imperfectly  known,  and  which  come 
under  Von  Buch'^s  division  of  central  volcanos,  are  those  of  Iceland 
and  Jan  Mayen's  Land,  of  the  Greek  Isles  and  the  shores  of  Italy 
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in  the  Mediterranean;  the  Azores,  Canaries,  and  Cape  de  Verd 
Islands,  in  the  Atlantic;  Mada^car  and  the  Mauritius,  in  the 
Indian  Ocean ;  Gabel  Tor,  in  the  Red  Sea ;  the  Sandwich,  Ladrone, 
and  Galapagos  Isles,  in  the  Pacific  Ocean ;  Mount  Ararat,  on  the 
borders  of  the  Caspian ;  and,  according  to  Humboldt,  an  extensive 
volcanic  area  in  Central  Asia. 

Difficulty  of  Defining  the  Limits  between  Active  and  Extinct 

Volcanos. 

Although  igneous  rocks  are  associated  with  aqueous  deposits  of 
all  ages,  it  is  only  among  the  tertiary  strata  that  we  meet  with  lavas 
which  we  can  be  sure  were  ejected  upon  dry  land.  There  are  found 
in  certain  districts  of  France  and  Germany  conical  hills  of  scorice 
and  ashes,  possessing  all  the  characters  of  recent  volcanos,  but  which 
cannot  be  proved  to  have  been  in  a  state  of  eruption  within  the 
historic  period.  These  are  commonly  called  extinct  volcanos,  but 
the  term  might,  with  equal  propriety,  have  been  applied  to  Vesuvius 
before  the  first  century  of  the  Christian  era,  when  its  fires  again 
burst  forth,  after  having  been  dormant  from  the  remotest  perio<ls  to 
which  tradition  extends.  On  the  other  hand,  the  lavas  which 
alternate  with  the  newer  pliocene  strata,  composing  the  base  of  Etna, 
may  have  been  coutemporaneous  with  some  of  the  eruptions  of 
Auvergne  and  the  Rhine.  Where,  then,  are  we  to  draw  the  line 
between  active  and  extinct  volcanos  ?  The  Isle  of  Ischia  was  the 
scene  of  volcanic  eruption  in  those  early  ages  when  Vesuvius  was 
quiescent,  and  for  the  seventeen  centuries  during  which  subterranean 
fire  has  found  a  vent  in  that  mountain,  Ischia,  with  one  exception, 
has  remained  in  a  state  of  repose.  In  those  continuous  tracts  of 
volcanic  action  which  have  been  described,  the  different  vents  are  in 
a  state  of  alternate  euergy  and  quiescence ;  and  this  system  of  alter- 
nation probably  prevails  on  a  more  extended  scale.  Regions  of 
extinct  volcanos,  as  they  are  called,  invariably  exhibit  the  feebler 
effects  of  igneous  action, — gaseous  exhalations,  and  thermal  springs, 
maintaining  for  centuries  an  unvarying  temperature, — and  it  is  far 
from  improbable  that  their  now  dormant  craters  may  again  awake 
to  destructive  energy. 

Structure  of  Volcanos  and  their  mode  of  Formation. 

Volcanic  mountains  are  composed  of  numerous  alternations  of 
scorise,  ashes,  and  stones,  which  have  been  ejected  during  eruptions, 
and  falling  around  the  central  orifice  have  arranged  themselves  in 
conical  layers,  having  an  inclination  of  about  45^,  determined  by 
the  angle  of  rest  of  the  fragments.     This  mode  of  accumulation  has 
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frequeutl}-  been  witnessed  in  the  formation  of  thoae  minor  codm 
wliicli  are  thrown  up  from  time  to  time  in  the  vicinity  iit  volcaoic 

vents. 


After  repeated  and  violent  earthquakes  a  chasm  openB,  great 
volumes  of  steam  and  gas  are  discharged,  blocks  of  Kboae  us  pro- 
jected into  the  air  and  shattered  to  fragments,  melted  lava  tfarowB 
up  in  a  simtfar  manner  is  formed  into  scoriee,  or  spongiform  msmm, 
by  the  sudden  expansion  of  the  entangled  gases,  or  by  the  man 
violent  eflecte  of  the  same  force  is  reduced  to  impalpable  powder, 
and  these  falling  near  the  orifico  form  conical  layers,  the  gaseous 
explosions  in  the  mean  time  keeping  open  a  passage  through  the 
heap  of  fragmentary  matter. 

In  this  manner  Monte  Rossi,  one  of  the  minor  cones  on  the 
flanks  of  Etna,  450  feet  high,  was  formed  in  three  or  four  months, 
and  Monte  Nuovo,  in  the  Phlegrean  Fields,  rose  to  the  height  of 
440  feet  during  a  day  and  night.  No  streams  of  lava  issued  frwn 
these  hills,  but  among  the  fragmentary  layers  of  larger  cones  ws 
find  alternations  of  lava,  which  commonly  bursts  out  at  lateral 
apertures,  and  more  rarely  flows  over  the  brim  of  the  crater.  These 
impart  stability  to  the  mass,  which  is  further  consolidated  by  other 
means.  The  ejected  fragments  which  fall  round  the  orifice  are  only 
partially  cooled,  or  are  subsequently  acted  upon  by  the  heat  and 
softened,  so  that  they  cohere,  and  vertical  dikes  of  lava,  radiating 
from  the  central  aperture,  traverse  the  cone  and  bind  its  parts  more 
firmly  together. 

The  dimensions  of  the  crater  vary  in  dilTerent  mountains,  and 
in  the  same  mountain  at  diflerent  times.  During  the  intervals 
between  great  eruptions  it  frequently  becomes  nearly  filled  by  the 
boiling  up  of  lava  from  below,  or  by  the  falling  in  of  scoria  ejected 
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from  orifices  which  open  on  the  sides  or  at  the  bottom.  When  an 
eruption  takes  place  the  accumulated  mass  is  thrown  out,  and  the 
resistance  opposed  by  it  to  the  passage  of  the  elastic  fluids  sometimes 
causes  a  large  portion  of  the  old  cone  to  be  carried  away  by  the 
explosion.  In  other  cases,  the  escape  of  lava  produces  cavities,  into 
which  great  masses  of  the  sides  are  precipitated.  By  these  two 
modes,  variations  are  produced  in  the  dimensions  of  the  crater  and 
the  height  of  the  mountain. 

Craters  of  Vesunus  and  Etna. 

The  crater  of  Vesuvius  had  been  gradually  filled  in  the  manner 
above  described  between  the  end  of  the  eighteenth  century  and  the 
eruption  of  1822,  which  produced  a  chasm  of  an  irregular  shape, 
about  three  quarters  of  a  mile  in  its  longest  diameter.  Its  depth 
was  at  first  estimated  at  about  2000  feet,  but  it  was  considerably 
reduced  by  subsequent  explosions,  which  diminished  the  height  of 
the  mountain  by  about  800  feet. 

Etna,  very  nearly  11,000  feet  in  height,  and  composed  princi- 
pally of  matter  thrown  out  by  subaerial  ejectments,  is  nearly  cir** 
cular,  and  about  eightynseven  English  miles  in  circumference.  It 
is  divided  into  three  regions, — the  fertile  zone  of  cultivated  country 
at  its  base ;  the  middle,  or  woody  zone,  about  seven  miles  broad, 
clothed  with  forests  of  chestnut,  oak,  and  pine,  intermixed  with 
beech  and  cork  trees ;  and  the  barren^  or  upper  region,  composed  of 
bare  lavas  and  scoriae,  where  the  cone,  constantly  emitting  sulphu*- 
reous  vapours,  rises  from  the  midst  of  a  small  platform  to  the  height 
of  1100  feet.  On  the  flanks  of  the  mountain,  particularly  in  the 
middle  regions,  are  numerous  minor  cones.  There  are  above  eighty 
of  these  of  the  largest  class,  some  of  which  are  from  400  to  700  feet 
in  height. 

During  an  eruption  which  took  place  in  1444  a  large  portion  of 
the  summit  of  Etna  was  truncated,  and  a  crater  formed,  which 
must  have  been  several  miles  in  diameter.  The  cone  was  after- 
wards restored.  Papandayang,  one  of  the  loftiest  mountains  in 
Java,  lost  nearly  4000  feet  of  its  summit  during  an  eruption  in 
1772,  when  a  chasm  was  formed,  in  which  an  area,  fifteen  miles  in 
length  and  six  in  breadth,  was  swallowed  up.  In  Iceland,  which 
is  almost  wholly  composed  of  volcanic  matter,  there  are  some  cones 
of  scoriae  and  ashes  formed  by  successive  eruptions  from  the  same 
orifice,  but  in  general  the  lava  escapes  by  a  number  of  low  apertures, 
which  are  the  channels  for  only  one  discharge. 
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Phenomena  of  an  Eruption. 

Indications  of  an  approaching  paroxysm  are  usually  aflbrded  hy 
the  numerous  and  violent  earthquakes  which  convulse  the  neigh* 
bourhood  of  a  volcano,  often  for  many  months  before  an  eruption 
commences, — loud  detonations  are  heard  as  the  lava  boils  up  in  the 
crater ;  thick  columns  of  vapour  ascend  from  it ;  showers  of  red  hot 
stones,  and  jets  of  liquid  lava,  are  projected  to  great  heights ;  and 
clouds  of  fine  ashes  darken  the  air,  and  are  wafted  by  the  wind  to 
the  distance  of  many  leagues.  At  length  a  stream  of  lava  pours  out, 
sometimes  over  the  edge  of  the  crater,  but  more  frequently  from  one 
or  several  lateral  apertures,  where  the  walls  of  the  cone  yield  to  the 
pressure  and  heat  of  the  boiling  column  within.  The  mountain 
continues  in  a  state  of  eruption  for  many  months,  in  some  cases  for 
several  years.  The  great  eruption  of  Skaptar  Jokul,  in  1783,  had 
not  ceased  for  two  years,  and  others  have  continued  for  thrice  that 
time. 

When  first  the  lava  issues  from  the  mountain  it  is  in  a  state  of 
incandescence,  ''glowing  with  the  splendour  of  the  sun,^^  and  is 
nearly  as  liquid  as  water,  but  at  a  little  distance  from  the  orifice  it 
acquires  the  consistence  of  honey.  It  soon  hardens  on  the  surface^ 
and  cracks  into  porous  fragments,  resembling  scoriae,  while  the 
interior  of  the  mass  continues  sufiiciently  fluid  to  advance  for  several 
months  after  its  emission.  The  bottom  of  the  current  is  first 
retarded,  and  the  central  part,  gradually  swelling  out,  falls  down 
and  is  covered  by  more  liquid  lava  from  above ;  and  thus  the  mass 
continues  to  move  on,  assuming  the  appearance  of  an  immense  hmip 
of  large  and  rough  cinders,  rolling  over  on  itself,  from  the  efiects  of 
a  gentle  impulse  from  behind.  In  this  manner  Mr.  Scrope  found 
lava,  which  had  burst  from  Etna  during  the  eruption  of  1819, 
moving  at  the  rate  of  a  yard  an  hour,  after  the  lapse  of  nine  months, 
exhibiting  in  its  crevices  a  dull  red  heat  by  night,  and  emitting 
copious  vapours  during  the  day. 

Eruption  of  Skaptar  JokuL  The  great  eruption  of  Skaptar 
Jokul  beforementioned  is  remarkable  for  the  volume  of  lava  ejected. 
The  current  is  divided  into  two  branches,  fifty  and  forty  miles  in 
length,  and  having  an  extreme  breadth,  the  one  of  fifteen,  the  other 
of  seven  miles,  the  ordinary  depth  being  about  100  feet.  In  ravines 
it  was  much  deeper.  The  current  from  Etna,  by  which  Catania 
was  overwhelmed  in  1 669,  flowed  fifteen  miles  before  it  entered  the 
sea,  where  it  was  600  yards  broad,  and  40  feet  in  depth. 

Great  Eruption  in  Smnbawa.  The  most  terrific  eruption  of 
which  we  have  any  record  was  that  of  the  mountain  Tomboro,  in 
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Sumbawa,  in  1815,  respecting  which  Sir  Stamford  Raffles  collected 
60  many  interesting  particulars.  It  commenced  on  the  5th  of  April, 
and  had  not  entirely  ceased  before  the  end  of  July.  The  subter- 
ranean explosions  which  accompanied  it  were  heard  at  the  distance 
of  720  and  970  miles,  and  were  mistaken  for  the  discharge  of  artil- 
lery in  a  naval  engagement.  The  ashes  were  blown  to  the  distance 
of  SOO  miles  in  one  direction,  and  217  in  another,  and  occasioned  a 
darkness  exceeding  that  of  the  darkest  night.  The  East  India 
Company ''s  cruizer.  The  Benares^  was  involved  in  this  darkness 
during  a  whole  day,  and  the  ashes  continued  to  fall  throughout  the 
night,  covering  the  deck  in  some  places  to  the  depth  of  a  foot,  and 
pervading  from  their  lightness  all  parts  of  the  vessel.  At  Bima, 
forty  miles  from  the  mountain,  they  fell  in  such  quantities  as  to 
break  in  the  roofs  of  the  houses.  A  pint  measure  of  them  weighed 
twelve  ounces  and  three  quarters,  and  when  mixed  with  water 
formed  a  very  tenacious  and  adhesive  mud.  The  sea  was  covered 
for  several  miles  with  a  mass  of  floating  pumice  two  feet  in  thickness. 

This  eruption  was  accompanied  by  a  destructive  hurricane,  and 
by  the  usual  agitation  of  the  sea,  which  rose  even  when  there  was 
no  wind  more  than  twelve  feet  above  its  ordinary  level,  sweeping  in 
great  waves  over  the  low  grounds.  The  vegetation,  on  the  north 
and  west  sides  of  the  island,  was  entirely  destroyed,  and  nearly 
twelve  thousand  of  the  inhabitants  perished,  partly  from  the  effects 
of  the  hurricane  and  inundations,  and  partly  from  the  gaseous 
exhalations  which  accompanied  the  eruption. 

Jortdlo.  The  eruption  which  produced  the  cone  of  Jorullo,  in 
Mexico,  derives  importance  from  the  confirmation  it  is  supposed  to 
afford  of  the  theoretical  views  of  Von  Buch,  respecting  the  com- 
mencement of  volcanic  action.  This  eruption  took  place  in  1759, 
previous  to  which  time  the  plain  of  Malpays,  in  which  it  is  situated, 
was  a  fertile  district,  covered  with  fields  of  indigo  and  sugar-canes, 
and  had  not  been  visited  by  igneous  outburst  since  the  discovery  of 
America,  though  the  presence  of  basalt,  trachyte,  and  volcanic  tufls, 
on  its  skirts,  afforded  indications  of  their  previous  action.  When 
Humboldt  visited  the  spot  in  1803  he  found  there  six  cones,  com- 
posed of  scorisB  and  fragmentary  lava,  the  least  of  which  was  300 
feet  high,  while  the  central  and  largest  cone  attained  an  elevation 
of  1 600  feet  above  the  level  of  the  plain.  From  the  base  of  these 
cones  a  convex  mass  extended  on  all  sides,  which  was  524  feet  high 
in  the  centre,  and  sloped  gradually  towards  the  plain,  above  which 
it  rose,  at  the  edges,  39  feet. 

The  Indian  accounts  represented  this  convex  mass^  which  covers 
an  area  of  four  square  miles,  as  having  risen  up  suddenly  like  a 
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bladder  during  the  eruption,  which  commenced  in  the  mcmth  of 
June,  and  had  not  whoUy  ceased  till  the  following  Febmiuy.     It  is 
described  as  accompanied,  in  other  respects,  by  the  iisoal  volcanic 
phenomena, — earthquakes,  subterranean  noises,  and  the  opening  of 
a  chasm,  from  which  a  vivid  light  was  emitted,  and  clouds  of  ashes 
and  fragments  of  rock  projected  into  the  air  with  great  force.     The 
neighbouring  streams,  Cuitimba  and  San  Pedro,  are  said  to  have 
added  to  the  violence  of  the  eruption  by  the  decomposition  of  their 
waters,  which  were  engulphed  in  the  fiery  orifice ;  and  eruptions  of 
mud  and  of  clay,  enveloping  balls  of  decomposed  basalt,  appear  to 
confirm  this  account,  and  to  prove  that  subterranean  water  performed 
an  important  port  in  producing  the  convulsion. 

At  the  time  of  Humboldt'^s  visit  the  convex  protuberance  was 
still  in  a  heated  state,  and  was  covered  by  numerous  conical  momidi 
or  ^^homitos,^^  (little  ovens,)  from  six  to  nine  feet  high,  which 
emitted  clouds  of  steam  and  sulphuric  acid.  The  heat  has  since 
gradually  diminished,  and  the  surfoce  is  returning  to  its  former  state 
of  fertility. 

Submarine  Volcanos. 

Several  instances  are  recorded  during  the  last  century  of  volcanos 
rising  through  the  sea,  and  producing  new  islands ;  most  of  which 
being  composed  of  loose  materials  soon  disappeared,  leaving  only 
shoals  to  mark  their  site.  One  of  these  volcanic  islands  was  formed 
on  the  coast  of  Iceland  during  the  eruption  of  1783,  and  another  in 
1830.  In  1806  and  1814  new  conical  islands  arose  in  the  Aleutian 
Archipelago,  which  appear  to  have  been  composed  of  solid  lava,  as 
well  as  scoriae,  since  they  did  not  again  subside  below  the  level  of 
the  sea.  The  first  is  described  as  four  miles  in  circumference ;  the 
latter  as  having  a  peak  three  thousand  feet  high.  But  the  two  cases 
respecting  which  we  have  the  most  accurate  information,  are  those 
of  the  islands  thrown  up  off  the  Azores  in  1811,  and  on  the  coast  of 
Sicily  in  1831. 

Me  of  Sahrina.  The  first  was  witnessed  by  Captain  Tillard,  of 
The  Sahrina^  who  named  it  after  the  frigate  which  he  commanded. 
The  eruption  commenced  with  columns  of  black  scoriae,  thrown  up 
to  the  height  of  700  or  800  feet  above  the  sea,  accompanied  by 
violent  explosions  and  repeated  flashes  of  lightning.  During  the 
intervals  between  the  discharges,  a  great  body  of  vapour  revolved 
almost  horizontally  over  the  spot.  In  the  course  of  a  week  an  island 
was  formed,  nearly  a  mile  in  circumference,  and  300  feet  high. 
When  Captain '  Tillard  landed  upon  it,  he  found  a  crater  in  the 
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centre,  filled  with  boiling  water,  and  communicating  with  the  sea 
by  a  lateral  gorge.     The  island  very  soon  disappeared. 

Graham  Island.  The  equally  short-lived  island,  which  rose  more 
recently  in  the  Mediterranean,  received  no  less  than  seven  names. 
Sciacca  and  Graham  Island  are  those  which  have  been  most  gene- 
rally adopted.  It  was  situated  in  latitude  37°  1 1'  North,  longitude 
12°  4t4t  East.  A  few  years  before  the  eruption,  a  depth  of  more 
than  100  fathoms  existed  on  the  spot.  Towards  the  end  of  June, 
1831,  Sir  Pulteney  Malcohn  in  passing  over  it  experienced  concus- 
sions like  those  of  an  earthquake,  as  if  his  ship  had  struck  on  a 
bank.  In  the  beginning  of  «fuly,  some  Neapolitan  vessels  reported 
a  violent  ebullition  of  the  sea,  and  the  emission  of  columns  of  smoke 
and  vapour ;  about  a  week  afterwards,  a  small  island  was  elevated 
twelve  feet  above  the  sea,  with  a  crater  in  its  centre  filled  with 
boiling  water  of  a  dingy  red  colour,  and  ejectiug  volcanic  matter; 
the  surrounding  sea  being  covered  with  dead  fish  and  floating  scoriae. 
The  diameter  of  the  crater  was  at  that  time  estimated  by  Captain 
Swinburne  at  seventy  or  eighty  yards,  and  it  had  an  outlet  on  the 
side  by  which  the  boiling  water  escaped.  The  eruptive  phenomena 
were  nearly  similar  to  those  observed  off  the  Azores.  Columns  of 
steam,  accompanied  by  discharges  of  scoriae  and  dust,  were  thrown 
up  to  the  height  of  several  hundred  feet,  a  loud  roaring  noise,  and 
the  formation  of  a  vast  quantity  of  steam,  accompanying  their  rise 
and  their  fall  into  the  water ;  while  forked  lightning,  followed  by 
thunder,  darted  in  all  directions  within  the  column,  which  was 
darkened  by  dust,  and  distorted  by  gusts  and  whirlwinds.  Most  of 
the  stones  ejected  were  less  than  a  foot  in  diameter. 

On  the  3r(^  of  August,  when  Captain  Senhouse  landed  on  the 
island,  the  crater  was  about  400  yards  in  diameter,  and  the  island  a 
mile  and  a  quarter  in  circumference,  and  160  or  180  feet  high.  It 
shortly  after  attained  its  greatest  dimensions ;  the  circumference 
being  estimated  at  nearly  3  miles,  and  the  height  at  200  feet ;  after 
which  it  began  to  diminish  by  the  action  of  the  waves.  Towards 
the  end  of  October  the  crater  had  disappeared,  and  the  surface  of 
the  island  was  reduced  nearly  to  the  level  of  the  sea ;  and  about  the 
end  of  1833  the  only  vestige  of  it  was  a  dangerous  shoal,  consisting 
of  black  stones  and  loose  sand,  with  a  solid  rock  in  the  centre,  com- 
posed most  probably  of  lava  which  had  cooled  within  the  crater.  A 
second  shoal  occurs  at  the  distance  of  about  180  yards  to  the  south- 
west, where  a  minor  eruption  had  been  observed  in  August,  1831. 

It  is  obvious  from  the  above  description  that  the  fragmentary 
matter  ejected  during  submarine  eruptions  will  not  be  arranged  in  a 
succession  of  conical  layers,  as  in  eruptions  of  subaerial  volcanos ;  but 
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beiDg  more  widely  diffused  by  the  agitated  waters,  will  form  a  solid 
tufaceous  mass,  derived  from  the  boiling  red  mud,  and  enveloping 
scoriae,  stones,  fishes,  and  marine  shells. 

Von  BucJis  Theory  of  Craters  of  Eletaiian. 

The  origin  of  volcanic  rents  has  been  a  subject  of  much  contro- 
versy. It  is  true  we  have  seen  the  rise  of  volcanos  through  die 
sea,  in  the  manner  above  described,  and  the  accumulation  of  sub- 
aerial  cones,  like  those  of  Monte  Nuovo  and  Monte  Rossi ;  but 
these,  and  even  the  eruption  of  Jorullo,  can  only  be  regarded  as  the 
reopening  of  old  vents  in  regions  which  have  long  been  the  theatres 
of  subterranean  fire.  The  commencement  of  its  action  in  new 
regions  has  never  yet  been  witnessed  by  scientific  observers. 

It  is  by  no  means  uncommon  to  find  volcanic  islands,  composed 
of  trachyte  and  other  igneous  alternations,  dipping  outwards  in  every 
direction,  and  surrounding  a  central  cavity,  resembling  an  enormous 
crater,  towards  which  they  present  a  steep  escarpment.  There  are 
various  mollifications  of  this  general  form.  In  Palma,  one  of  the 
Canaries,  this  central  cavity  is  6  miles  in  diameter,  and  2000  feet 
above  the  sea ;  and  the  surrounding  ridge  is  intersected  by  a  gorge 
running  down  to  the  coast,  and  making  a  section  of  the  beds  which 
are  shown  to  consist  of  tufi^  alternating  with  basalt,  and  resting  on 
conglomerates  composed  of  granite  and  quartzose  fragments.  The 
escarpments  which  surround  the  cavity  are  traversed  by  dikes  of 
lava,  like  those  which  are  seen  in  the  craters  of  Etna  and  Vesuvius. 
The  volcanic  peak  of  TenerifFe  rises  out  of  a  similar  valley,  bounded 
by  cliffs  of  the  same  nature,  from  1000  to  1800  feet  high. 

Barren  Island,  in  the  Bay  of  Bengal,  consists  of  a  circular  ridge 
of  steep  volcanic  rocks,  surrounding  a  basin  filled  with  the  waters  of 
the  sea,  with  which  it  communicates  by  a  chasm,  resembling  that 
of  the  Isle  of  Palma.  In  the  centre  of  the  basin  a  volcanic  cone, 
in  a  state  of  activity,  rises  to  the  height  of  about  1700  feet,  which 
is  that  of  the  encircling  ridge.  In  the  Grecian  island  of  Santorin, 
the  basin  consists  of  a  nearly  circular  gulf,  about  six  miles  in 
diameter,  the  inclosing  ridge  being  broken  into  three  segments. 
Two-thirds  of  the  circuit  are  composed  of  the  crescent-shaped  Isle 
of  Santorin,  the  remainder  is  made  up  of  the  Isles  of  Therasia  and 
Aspronisi,  the  former  of  which  was  separated  from  Santorin  by  an 
earthquake  233  years  before  the  Christian  era.  Instead  of  one, 
there  are  thus  three  entrances  into  the  basin  ;  in  the  centre  of  which 
rise  two  small  volcanic  cones,  with  craters, — Micra  Kameni,  raised 
by  successive  eruptions  in  a.d.  1573,  and  Nea  Kameni,  thrown  up 
A.D.  1707  and  1709.    Besides  these  it  contains  the  small  island  of 
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Palaia  Kameni,  a  mass  of  lava,  which  appears  to  have  been  upheaved 
without  eruption  196  years  b.c. 

Palma,  TenerifTe,  with  other  neighbouring  islands,  as  well  as 
Barren  Island  and  Santorin,  are  all  called  by  Von  Buch  ehrebunga 
craterSy  or  craters  of  elevation ;  and  he  supposes  them  to  be  the 
result  of  intumescence  of  the  earth's  crust,  softened  by  internal 
heat,  and  expanded  by  the  force  of  elastic  vapours  into  conical  or 
elliptical  masses,  with  a  central  cavity  through  which  the  gaseous 
matter  escaped. 

This  hypothesis  has  been  warmly  controverted  by  Mr.  Lyell, 
who  considers  the  so-called  craters  of  elevation  as  but  the  tnincated 
portions  of  large  cones,  formed  by  the  accumulation  of  ejectments 
from  a  central  orifice,  the  upper  parts  having  been  removed  by  the 
action  of  the  waves  and  by  gaseous  explosions ;  and  he  has  adduced 
some  very  strong  arguments  in  support  of  his  views.  In  the  first 
place,  the  arrangement  of  the  layers  of  volcanic  matter  is  precisely 
that  which  prevails  in  cones  known  to  have  accumulated  by  the 
ejectment  of  fragmentary  matter, — a  mode  of  formation  of  which 
we  have  daily  examples,  while  we  have  none  of  a  crater  of  elevation. 
It  appears  likewise  that  when  stratified  rocks,  containing  organic 
remains,  have  been  elevated  with  volcanic  rocks,  they  do  not  partake 
of  the  quaquaversal  dip  of  the  latter,  but  retain  their  original 
horizon  tali  ty.  The  destruction  of  the  summits  of  Etna  and  Papan- 
dayang  beforementioned,  produced  craters,  it  is  contended,  as  large 
as  those  called  craters  of  elevation  ;  and  we  find  the  counterpart  of 
the  lateral  gorges  in  the  openings  by  which  the  craters  of  submarine 
volcanos,  composed  of  ejected  fragments,  communicate  with  the  sea. 

The  strongest  arguments  adduced  on  the  other  side  are,  the 
analogy  of  the  circular  and  elliptical  valleys  of  elevation  formed  by 
the  upheavement  of  stratiform  rocks,  and  the  rise  of  the  plain  of 
Malpays,  which  rests  entirely  on  the  authority  of  Indian  observers. 

Earthquakes, 

These  convulsions  of  the  crust  of  the  earth  may  be  regarded  as  a 
more  violent  and  general  effect  of  the  same  cause,  whatever  it  is, 
which  produces  volcanic  eruptions.  Their  greatest  intensity  is 
confined  to  particular  tracts,  which  are  likewise,  as  we  have  shown, 
lines  of  eruptive  vents.  They  generally  give  warning  of  an  approach- 
ing volcanic  eruption  by  shocks,  repeated  for  some  time,  and  increas- 
ing in  violence,  till  a  discharge  from  a  neighbouring  orifice  relieves 
the  accumulated  pressure,  and  restores  the  internal  equilibrium. 
The  resuscitation  of  the  long  dormant  fires  of  Vesuvius,  was  preceded 
by  convulsive  movements,  which  shook  the  neighbourhood  of  Pom* 
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peii  from  a.d.  63  to  a.d.  79.    They  are  sometimes  connected  with 
more  distant  volcanos.     The  great  earthquake  which  destroyed  the 
Caraccas  on  the  26th  of  March,  1812,  was  followed  in   about  a 
month  by  an  eruption  of  the  Souffrier,  in  St.  V incentV     The  feebler 
effects  of  these  subterranean  movements  extend  to  countries  remote 
from  centres  of  volcanic  excitement.     These  may  be  regarded  as 
vibrations  propagated  laterally  through  the  crust  of  the  earth,  in 
the  same  manner  that  sound  is  transmitted  through  the  atmosphere, 
extending  over  vast  areas,   not  instantaneously,   but  with  great 
rapidity.     In  Europe  earthquakes  are  felt  in  their  greatest  force 
along  a  line  passing  through  Greece  and  the  south  of  Italy,  Spain, 
and  Portugal.     On  each  side  of  this  line  are  parallel  bands,  where 
the  shocks  are  less  intense.     In  the  north  of  Italy  and  to  the  foot 
of  the  Alps  they  are  still  more  feeble  and  less  frequent,  but  slight 
tremors  are  felt  occasionally  over  the  whole  of  Northern  Europe. 
Those  experienced  in  England  are  probably  derived  both  from  ike 
Italian  and  Icelandic  volcanos. 

The  destructive  effects  of  earthquakes  arise  from  an  undulating 
or  rolling  motion  imparted  to  the  solid  ground,  which  is  sometimes 
repeated  several  times,  and  during  violent  shocks  resembles  the 
movements  of  a  swell  at  sea,  communicating  to  bodies  on  the  sur- 
face an  oblique  or  vertical  movement,  throwing  down  walls  and 
buildings,  and  crushing  everything  beneath  them.  These  move- 
ments are  accompanied  by  subterranean  noises  of  various  kinds ; 
the  most  common  of  which  is  a  low  rumbling  sound,  like  that 
arising  from  the  rapid  passage  of  a  heavy  carriage.  By  this  wave- 
like motion  of  the  solid  parts  of  the  earth,  its  fluid  parts  are  vio- 
lently agitated,  vessels  at  sea  are  struck  upwards  by  a  heavy  blow, 
the  sea  retires  from  the  coa«t,  and  suddenly  returns  in  great  waves, 
which  inundate  the  land. 

Great  Earthquake  of  Lisbon,  The  most  tremendous  earthquake 
of  modern  times  is  that  by  which  Lisbon  suffered  so  dreadfully  in 
1755.  A  subterranean  noise  resembling  thunder  was  immediately 
followed  by  a  shock,  which  destroyed  the  greater  part  of  the  town, 
and  killed  60,000  persons  in  about  six  minutes.  The  quay,  with 
the  crowds  who  had  rushed  to  it  for  safety  from  the  falling  ruins, 
and  with  a  number  of  small  vessels  moored  lo  it,  suddenly  subsided, 
leaving  a  permanent  depth  of  100  fathoms  on  its  site,  and  not  a 
single  body  or  fragment  of  wreck  rose  to  the  surface ;  vessels  at  sea 
experienced  a  shock  as  if  they  had  struck  on  a  shoal,  and  on  sound- 
ing found  deep  water ;  the  sea  first  retired  from  the  coast,  and  then 
returned  in  a  wave  sixty  feet  high.  At  Madeira  it  rose  fifteen  feet, 
the  ordinary  rise  of  tbQ  tide,  tl^^n  at  half  ebb,  being  seven  feet. 
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At  Tangier,  on  the  northern  coast  of  Africa,  it  rose  and  fell 
eighteen  times,  and  less  violent  movements  were  occasioned  on 
the  coasts  of  Oreat  Britain  and  Ireland.  The  greatest  intensity  of 
the  shock  was  in  the  sonth  of  Portugal  and  Spain,  and  on  the 
north  of  Africa,  but  its  efifects  were  felt  more  or  less  over  the 
greater  part  of  Europe  and  the  West  Indies ;  and  from  the  inter- 
vals which  elapsed  between  the  time  of  its  occurrence  at  Lisbon, 
and  at  different  other  places  on  the  same  day,  the  rate  at  which  the 
undulating  movement  travelled  appears  to  have  been  about  twenty 
miles  in  a  minute. 

Changes  of  Level  earned  by  Earthquakes,  The  fissures  which 
open  in  the  ground  during  its  undulating  movements,  sometimes 
discharge  jets  of  water  and  mud,  produced  by  the  derangement  of 
the  subterranean  drainage.  They  generally  close  again  imme- 
diately, engulphing  trees,  houses,  cattle,  and  men.  They  sometimes 
remain  permanently  open,  and  various  other  surface-changes  take 
place  from  the  production  of  faults  and  landslips,  the  derangement 
of  river  courses,  and  the  formation  of  lakes.  The  best  recorded 
permanent  changes  of  this  kind,  because  examined  by  scientific 
observers,  are  those  which  were  efiected  during  the  successive  earth- 
quakes by  which  Calabria  was  ravaged,  from  the  beginning  of  1783 
to  the  end  of  1786.  Mr.  Lyell,  who  contends  that  the  forces  now 
acting  on  the  earth  furnish  not  only  the  type,  but  the  measure  of 
intensity  of  those  which  have  modified  its  surface  at  all  former 
periods,  and  who  ascribes  the  elevation  of  the  highest  mountains  to 
the  repetition  of  earthquakes,  at  distant  intervals,  raising  the  surface 
a  few  feet  at  a  time,  has  given,  in  his  Principles  of  Geology^  a  very 
interesting  summary  of  the  changes  produced  by  this  Calabrian 
earthquake,  as  well  as  by  others  which  have  occurred  in  different 
parts  of  the  world  during  the  last  century.  The  result  is,  that 
earthquakes  produce  local  displacements  both  of  elevation  and 
depression,  and  that,  on  the  whole,  subsidence  appears  to  be  the 
most  prevalent.  The  land  subsided  at  Jamaica  in  1 692 ;  Lisbon, 
1755;  Messina,  1783;  and  Caraccas,  1812.  Cutch  affords  an 
example  of  elevation  in  one  part,  and  of  depression  in  another. 

Elevation  of  the  Coast  of  Chili.  The  greatest  surface  elevated 
was  on  the  coast  of  Chili,  by  the  earthquake  of  1822,  when  a  tract 
about  100  miles  in  length,  and  of  unknown  breadth,  was  raised 
about  three  feet.  Rocks  on  the  beach,  with  adhering  balani  and 
banks  of  shells  previously  covered  with  shallow  water,  were  laid 
dry,  and  proofs  of  former  similar  elevations  are  afforded  by  a 
number  of  parallel  terraces,  containing  marine  shells,  which  occur  at 
various  heights  extending  to  fifty  feet.     These  facts,  fijrst  announced 
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by  Mrs.  Graham,  after  being  much  controverted,  are  confimied  by 
the  more  recent  observations  of  Mr.  Darwin  and  Captain  Fitzroy. 
The  latter  of  these  observers  has  ascertained  that,  during  a  subse- 
quent earthquake  in  1835,  the  same  coast  was  raised  five  feet,  and 
subsequently  subsided  half  that  amount.     Mr.  Darwin  has  not  only 
corroborated  the  accounts  of  elevation  during  the   earthquake  of 
1822,  but  has  discovered  additional  proofs  of  prior  upheavements  in 
beds  of  recent  shells,  extending  to  230  feet  above  the  actual  level  of 
the  sea;  and  he  has  rendered  it  probable  that,  besides  these  sudden 
elevations  at  intervals,  the  coast  of  Chili  is  subject  to  an  insensible 
rise,  because  the  eastern  side  of  South  America,  from  Rio  Plata  to 
the  Straits  of  Magellan,  presents  terraces  containing  recent  shells, 
though  in  the  provinces  near  the  mouth  of  the  Plata  earthquakes 
are  never  experienced ;  and  hence  he  concludes  that  earthquakes, 
volcanos,  and  sudden  elevations  of  land,  are  but  irregularities  of 
action  in  some  more  widely  extended  phenomenon. 

In  describing  the  earthquake  of  1835,  he  illustrates  the  vast 
surface  over  which  its  effects  were  simultaneously  felt,  by  comparing 
it  with  a  European  area  of  equal  extent,  and  supposing  the  shock  to 
have  a  north  and  south  direction  from  the  Nortii  Sea  to  the  Medi- 
terranean, the  eastern  shores  of  England  to  be  permanently  raised, 
a  train  of  volcanos  to  become  active  in  the  southern  extremity  aX 
Norway,  a  submarine  volcano  to  break  out  near  the  northern 
extremity  of  Ireland,  and  the  long  dormant  cones  of  Central  France 
to  send  up  columns  of  smoke* . 

The  neighbourhood  of  Naples,  near  Puzzuoli,  affords,  as  we  have 
before  shown,  proofs  of  alternate  depression  and  elevation  between 
the  third  and  sixteenth  centuries. 

Extinct  Volcanos  of  the  Eifel  and  Auvergne, 

The  difficulty  of  defining  the  limits  between  active  and  extinct 
volcanos  has  already  been  adverted  to.  The  same  alternation  of 
energy  and  repose  may  prevail  between  different  systems  of  volcanos 
which  is  seen  between  the  different  vents  of  the  same  active  group, 
and  we  know  that  eruptions  have  broken  out  from  cones  which  have 
been  quiescent  for  centuries.  Under  these  limitations  we  may 
apply  the  term  extinct  to  hills  of  scorise,  and  ashes  of  so  fresh  an 
aspect  that  we  might  suppose  them  to  have  been  thrown  up  but 
yesterday,  did  we  not  know  that  the  districts  in  which  they  are 
found  have  been  exempt  from  the  ravages  of  volcanic  action  from 
the   remotest   periods   of  history.     The   principal   areas   of    these 

*  Prooeedlngt  qf  the  Geological  Society y  vol.  ii.,  pp.  446|  65^. 
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extinct  craters  in  Europe  are  the  Eifel,  and  both  banks  of  the  Rhine 
near  Aldernach,  also  near  Heidelburg  and  Freyberg,  Central 
France,  Hungary,  Transylvania,  Catalonia,  &c. 

The  volcanos  of  the  Eifel  have  ejected  but  little  lava,  and  yet 
are  remarkable  for  the  magnitude  of  the  gaseous  explosions,  which 
have  carried  away  the  summits  of  hills  composed  of  stratified  rocks, 
mixing  up  their  half-fused  fragments  with  ejected  scorise  and  ashes, 
and  forming  craters  which  are  now  the  site  of  deep  lakes.  Notwith- 
standing the  immense  volume  of  gaseous  matter  which  we  must 
suppose  to  have  been  evolved,  and  to  which  the  formation  of 
ehrebungs  cratere  is  ascribed,  the  craters  of  the  Eifel  exhibit  no 
traces  of  intumescence  or  qu^uaversal  dip. 

The  earlier  and  principal  volcanic  accumulations  of  this  district 
are  associated  with  tertiary  gravel  and  brown  coal,  or  lignite,  the 
age  of  which  has  not  yet  been  determined  in  consequence  of  the 
rarity  of  shells.  It  abounds  with  the  remains  of  fishes  and  frogs,  all 
of  extinct  species.  The  newer  portion  is  intimately  associated  with 
that  loamy  deposit,  known  by  the  name  of  Loess,  an  unstratified 
mass  of  doubtful  origin  abounding  in  land  shells  of  the  same  species 
as  those  now  floated  down  by  the  Rhine.  It  occurs  in .  detached 
patches  in  the  valley,  from  Basle  to  Cologne,  and  on  the  flanks 
of  the  hills  which  border  it.  It  also  extends  far  up  the  valleys  of 
the  Neckar  and  the  Mayne,  and  to  the  neighbourhood  of  Limburg 
in  Nassau.  Though  following  the  line  of  the  Rhine  and  its  tribu- 
taries, it  does  not  appear  connected  with  the  present  drainage. 

Mammiferous  Remains  beneath  Lava  Currents.  The  volcanos 
of  Auvergne,  Velay,  and  Cantal,  were  slightly  noticed  in  our 
description  of  the  eocene  lacufitrine  strata  of  those  districts.  In  the 
Cantal  and  Velay,  no  volcanic  ejectments  or  pebbles  of  lava  are 
found  in  the  lacustrine  strata.  In  Auvergne,  a  slight  intermixture 
in  the  upper  part  of  the  series  proves  that  the  igneous  out-bursts 
had  commenced  during  the  latter  part  of  the  eocene  period.  We 
have  no  evidence  when  they  ceased.  The  greater  part  of  the 
eruptions  appear  to  have  taken  place  during  the  miocene  and 
pliocene  eras,  judging  from  the  remains  of  land  animals  contained  in 
beds  of  gravel  covered  by  volcanic  rocks.  Portions  of  the  surface 
as  it  existed  at  successive  periods  have  thus  been  preserved,  and 
evince  the  changes  which  it  has  undergone  by  erosion  and  elevation, 
and  the  length  of  time  which  must  have  elapsed  during  the  form- 
ation of  the  igneous  products.  The  remains  of  lava  currents  are 
found  at  various  heights,  covering  gravel  which  must  have  accu- 
mulated on  the  lowest  parts  of  the  existing  surface,  consequently 
the  highest  of  these  beds  of  gravel  must  be  the  oldest.    There  is 
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occasionally  a  difference  between  the  levels  of  the  seveml  plalfbrBis, 
aDfK)unting  to  700  feet.  The  animal  remains  found  in  the  gratri 
beneath  the  lavas,  and  tufaceous  breccias  of  this  district,  belong  to 
about  forty  extinct  species  of  mammalia,  some  of  which  are  peculiar 
to  it ;  some  are  associated  with  marine  shells  of  the  miocene  era  in 
other  localities,  but  are  not  of  themselves  oharaeteristio  of  tli«ft  era, 
being  also  found  in  the  ossiferous  caverns,  and  in  those  pliocene 
deposits  which  inunediately  preceded  the  erratic  block  period.  The 
species  identified  are  mastodon  minor,  and  mastodon  arvemensis, 
hippopotamus  major,  rhinoceros  leptorhinus,  tapir  arvemensis,  and 
hyaena  spelceus.  Besides  these,  there  are  several  undetermined 
species  of  the  following  genera :  boar,  horse,  hog,  hyaena,  felis,  bear, 
deer,  canis,  otter,  beaver,  hare,  and  water-rat.  No  remains  have 
yet  been  found  beneath  the  newer  lavas,  which  either  occnpy  the 
channels  of  existing  rivers,  or  are  very  slightly  elevated  above 
them. 

The  volcanos  of  Central  France  are  ranged  in  a  line,  having  a 
general  direction  from  north  to  south.  Those  of  Hungary  consti- 
tute insulated  groups,  which  rise  abruptly  from  plains  of  tertiary 
strata,  in  the  same  manner  that  the  volcanos  of  the  Oreek  Archi^ 
pelago  and  of  the  Lipari  Isles  rise  from  the  present  bed  of  the 
Mediterranean. 

Division  of  Extinct  Volcanos  into  Ante-diluvian  and 

Post-diluvian. 

Of  the  extinct  volcanos  which  are  found  in  different  parts 
of  Europe,  some  exhibit  signs  of  aqueous  denudation,  while  others, 
though  composed  of  loose  scoriee  and  sand,  which  could  not  have 
resisted  the  action  of  a  violent  flood,  are  in  as  perfect  a  state  as  the 
cones  of  Etna  and  Vesuvius.  Hence  has  arisen  the  classification 
into  ante-diluvian  and  post-diluvian  volcanos,  adopted  bj  some 
writers :  a  classification,  the  propriety  of  which  has  been  denied  by 
others,  who  contend  that  between  the  two  extremes  there  exists 
every  intermediate  gradation.  If  volcanic  cones  have  not  been 
denuded  by  the  passage  of  great  waves  over  the  land,  to  what 
agency  is  the  removal  of  their  loose  materials  to  be  ascribed  ?  In 
the  districts  where  they  occur,  they  occupy  in  general  the  highest 
parts  above  the  reach  of  ordinary  floods.  We  are  told  that  atmo- 
spheric action  has  little  eflfect  on  them;  that  they  retain  the  integrity 
of  their  forms  not  in  spite  of  their  loose  and  porous  nature,  but  by 
means  of  it ;  that  the  rain  is  absorbed  as  it  falls  without  collecting 
into  rills ;  And  that  nothing  but  a  waterspout  bursting  directly  upon 
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them  can  effect  their  destruction,  so  long  as  they  are  not  rent  or 
engulphed  by  earthquakes. 

We  have  elsewhere  detailed  the  evidence  in  favour  of  the  passage 
of  extraordinary  marine  currents  over  the  British  Isles  towards  the 
close  of  the  tertiary  era,  and  if  a  rigorous  and  impartial  review, 
which  the  diluvial  phenomena  of  the  continent  appear  yet  to  require, 
shall  extend  the  erratic  block  period  to  the  rest  of  Europe,  those 
volcanic  cones  which  are  uninjured  by  aqueous  denudation  must  be 
considered  of  subsequent  formation,  and  may  be  called  post-diluvian, 
though  the  period  in  question  may  be  wholly  unconnected  with  the 
Mosaic  deluge,  or  may  even  have  been  antecedent  to  the  creation  of 
the  human  race.  From  the  freshness  of  their  aspect  most  of  the 
volcanos  of  Auvergne  would  be  classed  as  post-diluvian ;  and  it 
appears  certain  that  their  fires  have  not  been  in  a  state  of  activity 
for  nineteen  centuries,  for  Caesar  is  silent  respecting  volcanic  erup- 
tions in  Oaul,  though  he  encamped  in  the  neighbourhood  of  Auvergne, 
and  besieged  its  principal  city ;  and  the  situation  of  Roman  baths 
and  bridges,  with  respect  to  river  channels  excavated  in  some  of  the 
most  modem  lavas,  leads  to  the  same  conclusion. 

Formation  of  Plutonic  or  Ht/pogene  Rocks. 

For  an  enumeration  of  the  different  varieties  of  lava,  and  other 
volcanic  rocks,  the  reader  is  referred  to  the  tenth  chapter.  We 
must  not  suppose,  however,  that  the  number  of  igneous  products  is 
limited  to  those  which  are  poured  out  on  the  surface.  Different 
modifications  of  the  same  elements  probably  take  place  in  those 
parts  of  the  melted  mass  which  are  never  discharged  from  the 
interior,  but  cool  with  extreme  slowness  under  the  influence  of  great 
pressure,  either  from  a  deep  column  of  lava  or  of  superincumbent 
istrata.  We  may  expect  that  when  rocks,  formed  thus  deep  in  the 
earth,  are  brought  by  subterranean  movements  to  the  surface,  they 
will  exhibit  a  more  crystalline  character  than  those  portions  of  the 
same  mass  which  were  poured  forth  under  the  atmosphere,  or  even 
beneath  the  pressure  of  the  sea,  and  thus  the  same  proportions  of 
silica,  alumina,  lime,  magnesia,  potassa,  and  iron,  which  are  the 
principal  ingredients  both  of  volcanic  and  granitoid  rocks,  may 
simultaneously  form  vitreous,  scoriaceous,  and  compact  lava,  or 
granite  and  greenstone,  according  to  the  difference  in  the  pressure 
and  rate  of  cooling  under  which  their  combination  was  effected. 

Those  igneous  rocks  which  appear  not  to  have  flowed  as  subaerial 
or  subaqueous  lavas,  but  to  have  solidified  in  the  interior  of  the 
earth,  have  been  called  plutonic  or  hypogene  rocks.     The  structure 
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of  igneous  rocks,  as  also  that  of  the  aqueous  strata  in  contact  with 
them,  may  have  undergone  further  modification  after  their  solidifi- 
cation, by  the  long-continued  permeation  of  water  or  gases  at  a  high 
temperature,  and  by  the  action  of  electric  currents ;  and  there  can 
be  no  doubt  that  porous  lava  has  thus  been  converted  into  amyg- 
daloid by  the  infiltration  of  carbonate  of  lime,  calcedony,  zeolite, 
stilbite,  &c.,  into  its  cavities. 


CHAPTER  XXIIT. 


TEMPERATURE  OP  THE  INTERIOR  OP  THE  EARTH.— PRESENT 

STATE  OF  GEOLOGICAL  THEORY. 

GaseouJ  exhalations  and  thermal  springs — -geysers  of  Iceland — con- 
nection  of  hot  springs  mth  regions  of  extinct  volcanos^  and  lines 
of  dislocation. — Internal  temperature  of  the  earth — heat  of  mines 
and  artesian  weUs, ^-Primary  cause  of  volcanic  action  and 
earthquakes  unknotcn — chemical  hypothesis  of  Sir  H.  Daty — 
hypothesis  of  central  heat — theory  of  Elie  de  Beaumont  respecting 
the  parallelism  of  contemporaneous  chains  of  mountains — hypo- 
thesis of  the  expansion  of  gases  in  a  liquid  state  as  a  cause  of 
Tolcanic  action — variations  of  internal  temperature  from  the 
local  accumulation  of  sedimentary  deposits — metallic  veins — their 
dependence  on  the  proximity  of  igneous  rocks — hypothesis  of 
secular  refrigeration  proposed  by  Leibnitz, — Prospects  of  a 
mathematical  basis  for  physical  geology — recapitulation  of  the 
principal  facts  and  admitted  inferences  of  geology — igneous  and 
aqueous  rocks — our  present  continents  once  the  bed  of  the  sea — 
succession  of  organic  forms — lapse  of  time — elevation  of  land  at 
successive  epochs — change  of  climate^  its  cause  unknown — gr€idual 
passage  from  the  ancient  to  the  present  state  of  the  earth — recent 
origin  of  man. 

Gaseous  Exhalations  and  Thermal  Springs. 

Besides  their  solid  mineral  products,  volcanos  yield  various  gaseous 
exhalations,  chlorine,  sulphuretted  hydrogen,  sulphuric  acid,  nitrogen, 
and  various  mineral  sublimations,  as  the  chlorides  of  sodium,  potas- 
sium, iron,  and  cobalt,  the  sulphates  of  soda  and  potassa,  oxide  of 
copper,  sulphur,  and  sal-ammoniac. 

Aqueous  vapour,  or  steam,  is  among  the  most  abundant  of 
volcanic  aeriform  products,  issuing  from  crevices,  called  by  the 
Italians  ^^  stufas."" 
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Volcanic  regions  likewise  abound  with  thermal  and  mineral 
springs,  charged  with  carbonic  acid,  carbonate  of  lime,  and  silica. 
Calcareous  springs  are  the  most  abundant ;  the  carbonate  of  lime 
precipitated  by  them  forms  considerable  masses  of  a  peculiar  lime- 
stone, called  travertin,  and  imparts  a  crystalline  and  concretionary 
character  to  the  sedimentary  deposits  with  which  it  mingles. 

Geysei's  of  Iceland,  A  high  temperature  appears  necessary  for 
the  solution  of  silica.  The  most  celebrated  siliceous  waters  are 
those  of  the  Azores,  and  the  geysers  or  boiling  springs  of  Iceland. 
These  latter  rise  through  a  thick  mass  of  lava,  in  the  south-west  of 
the  island,  and  are  distant  about  thirty  miles  from  Mount  Hecla. 
They  have  an  intermittent  action,  playing  for  a  short  time,  during 
which  thoy  throw  up  jets  of  boiling  water  and  steam,  with  irregular 
intervals  of  repose.  The  largest  of  them  discharges  the  water  by  a 
pipe,  or  fissure,  from  eight  to  ten  feet  in  diameter,  which  gradually 
widens  near  its  summit  into  a  basin  about  sixty  yards  in  circum- 
ference, at  the  top  of  a  mount  composed  of  the  siliceous  deposits 
from  its  spray.  While  the  water  is  rising  in  the  pipe,  and  while  it 
is  thrown  out  in  jets,  subterranean  noises  are  heard,  like  the  distant 
reports  of  artillery,  accompanied  by  a  slight  tremor  of  the  ground. 
The  sounds  and  tremulous  motion  become  more  violent,  till  at  last 
a  column  of  water  and  vapour  is  thrown  up  with  loud  explosions,  in 
a  succession  of  jets  of  various  heights,  but  which  sometimes  exceed 
100  feet.  When  the  jet  has  continued  in  activity  a  short  time,  the 
pipe  is  emptied,  and  the  erjaption  is  terminated  by  a  violent  rush  of 
steam,  with  a  deafening  roar.  Stones  thrown  into  the  pipes  are 
ejected  with  great  force,  and  it  has  been  found  that,  by  filling  one 
of  them  with  stones,  an  eruption  could  be  produced  in  a  few  minutes, 
during  which  the  water  was  thrown  out  with  greater  violence  than 
usual,  but  a  longer  interval  succeeded  before  the  next  ordinary 
eruption. 

The  intermittent  action  of  these  springs  appears  to  be  best 
explained  by  supposing  the  duct  of  the  geyser  to  communicate  with 
a  cavity,  the  lower  part  of  which  is  filled  with  water  derived  by 
percolation  from  above,  while  steam  at  a  high  temperature,  such  as 
issues  from  the  vents  of  volcanic  regions,  rises  from  below.  The 
water  is  thus  raised  to  the  boiling  point,  while  the  upper  part  of  the 
cavity  is  filled  with  steam  under  high  pressure,  the  expansive  force 
of  which  causes  the  water  first  to  rise  in  the  pipe  and  overflow  the 
basin,  and  finally  forces  it  up  in  jets.  When  the  pressure  of  the 
water  is  removed,  the  steam  itself  escapes  with  great  violence ;  an 
interval  of  repose  ensues,  during  which  the  cavity  is  again  charged 
with  water  and  steam. 
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CRC^Gxacoa.  «idk  Kf£k  3  se  nds  &as  vaa:k  s  was  denrad. 

iv»r=itT  «•/  aecre  T:.ueaaes :  tfc^  >£o=e!  ia  rcgKoi  «hHe  fim  hi*« 

![&▼  ft^i;  ezsttd  tbe  rsiinlisacc  «tA  Dr.  DmIi^t,  and  n^, 

Uju  tbej  ftn  txai  •whavra  lines  </  dadocatiaB  hxn  opened  > 

fxT.mm.yac'ja  widi  the  imoiGr  cf  the  eutl^  ihhnagh  ■•  Tokanie 

f>l<»K«E.«i:3  lUT  Le  Tuib^  u  the  ssi&tt.    In  onr  on  euuuuj  the 

W,  tprlbz*  -A  iUtloek  md  Bub  afibcd  inKsncci  of  this.     Tlie; 

aixAitid  in  ibe  Alf«,  Pttoucs,  st  the  bane  of  the  Oaik  Maaataat 

in  North  America,  and  in  the  no^  of  the  Himalan^  a>  wcU  ai 

manr  otfa«r  lines  of  diftnitied  eoaott;.  vhich  are  not  the  Mat  of 

frj'car.ic  action.     The  following  we  the  tcmpaataiea  of  sooie  of  the 

j,r.nt:i]M  hot  ef  ringa  ot  Earope : 

Or'siX  Ct^Kt        ■  •         MS'      AIx  tea  BuMt  Skir?-,  1  -    llf 

CaH*ti«l  •     l«3  two  ipHB^  J    -  117 

Aiz  It  CIuki«IIe     -  1«3       Bub  -  ■  -     IK 

P;n««M  Uagntm     -  •    138       Boxtoa     -  .  -  t£ 

„         liweg«  •  m       Bristol  -      74 

Matlock    .  .  .  M 

Internal  Temperature  of  tJu  Earik. 

It  appears,  then,  that  at  a  certain  depth  there  is  a  permanent 

and  nearlj  inezhaiutible  aonrce  of  heat ;  and  the  same  concIusioD  is 

irriTcd  at  from  mathematical  inreetigatiuiB  and  experinienta  retpect- 

ifg  tlio  ttiennal  itate  of  the  interior.     Fourier  has  danonstrated 

latimu  on   the  paange  of  calorie   through  conducting 

that  the  pnaent  aurface  temperature  ia  compatible  vith  any 

uf  hmX  or  cold  at  a  certain  depth  beneath  it.    Tho  teiif 

peratorc  of  die  mriaoe  <rf  the  earth  depends  principally  upon  the 

iniltienci)  of  dw  nm,  modified  by  various  other  causes,  such  as  ele- 

vnUou  above  die  meu  level  of  the  sea,  distribution  of  land  and 

mtcr,  and  utUM  of  the  nir&ce ;   but  solar  influence  beiog  the 
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principal  sotiroe  of  heat,  the  mean  temperature  decreases  from  the 
equator  towards  the  poles,  nearly  in  the  proportion  of  the  cosine  of 
the  latitudes.  At  a  certain  depth,  which  is  not  always  the  same, 
but  nowhere  exceeds  100  feet,  the  variations  of  solar  heat  are  unfelt, 
and  a  constant  temperature  prevails,  which  is  about  the  same  as 
that  of  the  mean  temperature  of  the  surface.  Below  this  point,  it 
appears,  from  experiments  made  on  the  temperature  of  deep  mines, 
and  on  the  waters  of  Artesian  wells,  that  as  we  descend,  the  water, 
rocks,  and  air,  grow  continually  warmer,  to  the  comparatively  small 
depths  which  have  been  reached  by  man.  The  rate  of  increase  is 
not  uniform,  and  it  varies  with  the  nature  of  the  rock ;  experiments 
on  the  temperature  of  mines  are  likewise  liable  to  many  sources  of 
error,  arising  from  the  heat  generated  by  lights,  respiration  of  work- 
men, firing  of  gunpowder,  compression  of  the  air,  chemical  action, 
&c. ;  but  after  allowing  for  these,  Cordier  has  estimated  the  mean 
rate  of  increase  at  1^  of  Fahrenheit  for  every  fifteen  yards  of  depth ; 
and  the  same  rate  of  increase  has  been  deduced  by  Arago  from  the 
temperature  of  the  water  of  Artesian  wells  at  different  depths.  If 
the  same  ratio  prevails  at  greater  depths,  this  frightfully  increasing 
ratio,  as  it  has  been  called  by  Sir  John  Herschel,  the  boiling  point 
of  water  will  be  situated  at  about  two  miles ;  and  the  melting-point 
of  iron,  a  heat  sufficient  to  fuse  all  known  rocks,  at  the  depth  of 
twenty-five  miles,  estimating  it,  with  Professor  Daniel,  at  2786° 
Fahrenheit.  If  we  take  the  melting-point  of  iron  from  Wedg- 
wood^s  pyrometer,  which  however  is  proved  to  give  inaccurate 
results,  it  will  fall  within  200  miles  from  the  surface. 

Primary  Cause  of  Volcanic  Action  and  Earthquakes  unknoum. 

The  primary  cause  of  volcanos  and  earthquakes  is  evidently  the 
same,  but  of  that  cause  we  know  nothing,  all  the  attempts  which 
have  been  made  to  explain  it  amounting  to  little  more  than  mere 
conjectnres.  That  water  has  a  considerable  share  in  producing  these 
convulsions,  we  may  conclude  from  the  quantity  of  aqueous  vapours 
evolved,  and  from  the  general  fact  of  the  proximity  of  volcanos  to 
the  sea.  The  exceptional  case  of  the  Mexican  volcanos,  forty  leagues 
distant  from  it,  may  be  explained  by  supposing  that  they  commu- 
nicate with  the  vents  at  the  other  extremities  of  the  line,  nearer  the 
Pacific  and  Atlantic  Oceans.  The  volcanos  of  Central  Tartary  are 
said  to  be  situated  in  the  neighbourhood  of  large  salt  lakes.  The 
chlorine  and  other  saline  products  evolved  during  eruptions  are  such 
as  would  result  from  the  decomposition  of  sea- water. 

Chemical  Hypothecs  of  Da'cy.  There  are  two  principal  hypo- 
theses respecting  the  cause  of  volcanic  action,  one  attributing  erup- 
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tioni  and  oarthquakes  to  a  heated  nucleus,  meohanically  disturbed 
by  access  of  water ;  the  other,  endeavouring  to  explain  the  pheno- 
mena by  the  decomposition  of  water  by  means  of  alkaline  metals 
existing  in  the  interior  in  an  uncombined  state.  The  latter  hypo- 
thesis, proposed  by  Sir  Humphry  Davy  soon  after  he  had  succeeded 
in  decomposing  the  alkalis,  was  subsequently  abandoned  by  him, 
and  at  present  finds  a  warm  supporter  in  Dr.  Daubeny.  It  accords 
well  with  the  chemical  products,  and  the  order  in  which  they  are 
produced;  while  that  of  a  heated  nucleus  best  explains  those 
extensive  wave-like  movements  of  the  earth,  to  which  volcanic 
eruptions  appear  to  be  subordinate.  The  co-existence  of  the  two 
causes  is  not  impossible ;  for  a  nucleus  in  a  state  of  fusion  may  con* 
tain  potassium,  sodium,  silicum,  aluminum,  iron,  and  other  metals, 
in  a  metallic  state. 

Hypothesis  of  Central  Heat.  The  hypothesis  that  the  globe  is 
in  the  course  of  gradual  refrigeration  from  an  original  state  of  fusion, 
and  even  yet  retains  a  high  internal  temperature,  originated  with 
Leibnitz,  and  has  been  adopted  by  some  of  the  most  eminent  philo- 
sophers of  modern  times ;  it  accords  with  the  astronomical  specula* 
tions  of  Sir  W.  Herschel  and  Laplace,  respecting  the  condensation 
of  the  solar  system  from  a  state  of  gaseous  expansion ;  it  has  been 
adopted  by  Cordier  as  an  explanation  of  volcanic  phenomena ;  and 
Fourier  has  declared  in  favour  of  its  probability  from  mathematical 
calculations,  and  the  rate  at  which  the  internal  temperature  increases 
with  the  depth.  Humboldt  has  even  ventured  to  define  volcanic 
action  as  the  influence  exerted  by  the  interior  of  a  planet  on  its 
external  covering,  during  the  different  stages  of  refrigeration ;  Elio 
do  l^caumont  has  connected  the  doctrine  of  secular  refrigeration 
with  his  theory  of  the  parallelism  of  contemporaneous  mountain 
chains. 

Theory  of  Elie  de  Beauniont  respecting  Mountain  Chains.  This 
theory  embraces  the  following  points :  1.  That  in  the  history  of  the 
earth  long  periods  of  comparative  repose,  during  which  the  deposition 
of  sedimonatry  matter  went  on  in  regular  continuity,  have  been 
interrupted  by  short  periods  of  paroxysmal  violence;  2.  That  during 
each  of  these  periods  of  disturbance,  a  great  number  of  mountain 
chains  have  been  formed  suddenly ;  3.  That  all  the  chains  of  each 
paroxysmal  period  have  one  uniform  direction,  being  parallel,  or 
nearly  parallel,  (even  when  situated  in  remote  regions,)  to  each 
other,  and  to  a  great  circle  of  the  sphere ;  but  those  of  different 
periods  are  parallel  to  different  circles,  the  poles  of  these  circular 
systems  being  very  irregularly  placed  in  the  globe;  4.  Each  period 
of  disruption  has  accorded  with  a  great  change  in  organic  types; 
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5.  These  paroxysmal  disturbances,  which  have  recurred  at  intervals 
from  the  remotest  geological  periods,  may  be  renewed;  and  the 
present  state  of  repose  may  be  broken  by  the  sudden  elevation  of 
other  parallel  chains  of  mountains;  6.  It  is  probable  that  one  of 
these  convulsions  has  occurred  within  the  historic  era,  when  the 
Andes  were  upheaved  to  their  present  height ;  that  chain  appearing 
to  bo  the  last  elevated,  for  it  is  the  best  defined  and  least  obliterated 
feature  on  the  present  surface  of  the  globe ;  7.  The  instantaneous 
upheaving  of  great  mountain  chains  from  the  ocean  must  cause  a 
violent  agitation  of  the  waters ;  and  this  rise  of  the  Andes  may  pef^ 
haps  have  produced  the  transient  deluge  which  is  noticed  among  the 
traditions  of  all  nations ;  and  Lastly,  Those  successive  revolutions 
are  not  the  results  of  ordinary  volcanic  action,  but  may  depend  on 
the  secular  refrigeration  of  the  heated  interior  of  our  planet. 

M.  de  Beaumont  points  out  twelve  different  systems  of  disturb- 
ance in  Europe,  defined  by  the  direction  of  the  axes  of  the  chainsi 
and  the  formations  which  have  been  affected  by  the  disturbing  move- 
ments.    These  systems  are*: 

1.  That  of  Westmoreland  and  the  JIundstruck,  It  comprises  the 
mountains  of  Westmoreland,  having  a  strike  about  n.e.  by  e.,  of  tho 
Eifel,  Nassau,  the  Hundstruck,  and  the  central  part  of  the  Vosges 
N.E.  The  disturbed  rocks  are  those  of  the  Cambrian  and  Silurian 
systems ;  and  the  carboniferous  system  rests  on  their  upturned  ed^os, 
or  has  been  deposited  at  tho  feet  of  the  mountains  composed  of 
them. 

2.  System  of  the  Ballons  (  Vosges)^  and  of  the  Hills  of  the  Boc- 
cage  {Calvados).  This  system  exhibits  some  indications  of  a  dis- 
turbance prior  to  the  last ;  rocks  of  the  Silurian  tyi)e  being  uncon- 
formable to  those  of  the  Cambrian. 

3.  System  of  the  North  of  England,  The  great  Penine  disloca- 
tion. Craven  and  Derbyshire  faults  and  Ribblesdale  anticlinals. 
The  coal  measures  are  disturbed,  the  poikilitic  sandstone  horizontal. 

4.  System  of  the  Netherlands  and  South  Wales,  The  great 
range  of  the  carboniferous  rocks  from  the  vicinity  of  Aix  la  Chapelle 
to  St.  Bride^s  Bay  exhibits,  where  not  concealed  by  otlier  rocks,  a 
direction  from  e.  to  w.  for  400  miles.  The  beds  of  the  new  rod 
sandstone  reposing  on  this  formation,  are  considered  not  to  be  so 
ancient  as  those  of  the  preceding  system. 

5.  System  of  the  Bhine.  The  Vosges  and  Swarzwald,  which 
terminate  opposite  each  other,  in  two  long  cliffs  parallel  to  ono 
another  and  to  the  course  of  the  Rhine,  are  apparently  duo  to  great 
faults,  having  a  direction  s.  15°  w.,  and  n.  15°  e.,  preceding  the 

*  See  De  la  Becbe's  Manual  qf  Geology, 
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deposit  of  the  gres  bigarr^,  musohelkalk,  and  variegated  marls,  in  the 
basin  of  Alsace. 

6.  System  of  the  South-west  coast  of  Britanny  and  La  Vendis,  of 
Mortan^  of  the  Bohemerwald,  and  of  the  Thuringeneald.   The  general 
direction  is  from  n.w.  to  s.e.,  and  the  variegated  marls,  muschel- 
kalk,  and  older  rocks  are  disturbed ;  the  oolitic  series,  including  the 
lias,  undisturbed. 

7.  System  of  the  Pilas  Cote  d'Or  and  the  Erzgebirge^  containing 
also  a  considerable  portion  of  the  Cevennes.  The  oolitic  rooks  are 
disturbed,  and  the  cretaceous  series  (greensand  and  chalk)  retain 
apparently  their  original  position.  The  general  direction  is  n.e. 
and  s.w. 

8.  System  of  Mount  Viso.  The  French  Alps  and  the  south-west 
extremity  of  the  Jura  present  a  series  of  crests  and  dislocations, 
with  a  direction  n.n.w.,  in  which  the  greensand  and  the  chalk  are 
upheaved  as  well  as  the  oolitic  series.  The  eastern  crests  of  the 
Devolny,  on  the  north  of  Gap,  are  formed  of  the  oldest  beds  of  the 
greensand  and  chalk,  thrown  up  in  the  above  direction,  and  raised 
more  than  4700  English  feet  above  the  sea ;  while  at  the  base  of 
these  escarpments,  and  at  a  lower  elevation  by  about  2000  feet, 
those  upper  beds  of  the  cretaceous  system,  which  contain  nummu- 
lites,  cerithia,  and  other  tertiary  genera,  are  deposited  horizontally. 

9.  PyreneO'Apennine  System,  General  direction,  w.n.w.  and 
E.s.E.  This  system  includes  the  whole  chain  of  the  Pyrenees,  the 
northern  and  some  other  ridges  of  the  Apennines,  those  on  the 
N.E.  of  the  Adriatic,  those  of  the  Morea,  nearly  the  whole  of  the  Car- 
pathians, and  a  great  series  of  inequalities,  continued  from  that 
chain  through  the  n.e.  escarpment  of  the  Hartz  to  Nortliern  Ger- 
many. In  the  Pyrenees  the  whole  cretaceous  system  is  disturbed, 
the  tertiary  strata  (miocene)  are  horizonal  at  their  base. 

10.  System  of  the  Isles  of  Corsica  and  Sardinia.  This  dis- 
turbance took  place  during  the  tertiary  era.  The  north  and  south 
direction  observed  in  Corsica  and  Sardinia,  is  also  met  with  in 
many  small  valleys  and  ridges  of  mountains,  in  the  Apennines  and 
Istria. 

11.  System  of  the  Western  Alps.  Mean  direction  of  the  axis 
about  N.N.E.  and  w.s.w.  The  disturbance  appears  to  have  followed 
the  deposition  of  tertiary  beds  of  the  shelly  molasse  of  the  miocene 
era.  These  movements  were  succeeded  by  great  horizontal  deposits 
of  old  diluvial  gravel  at  the  base  of  the  Western  Alps. 

12.  System  of  the  Eastern  Alps  from  the  Valais  into  Awtria^ 
comprisiny  the  Chains  of  the  Veyitoiix^  the  Lebarony  and  the  St. 
Batime,  in  Provence.     Direction,  e.  \  n.e.,  w,  \  s.w.     This  system 
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and  the  last  do  not  pass  into  one  another  by  any  flexure  of  the 
strata  corresponding  with  the  bend  of  the  whole  chain,  but  they 
meet  at  an  angle  marked  by  a  double  system  of  breaks  and  fissures, 
one  passing  in  the  direction  of  the  eastern,  the  other  of  the  western 
parts  of  the  chain. 

In  the  Eastern  Alps,  the  old  diluvial  gravel,  which  in  the  last 
system  was  horizontal,  has  undergone  disturbance,  and  the  newer 
diluvium,  including  the  erratic  blocks,  rolled  off  the  higher  Alps 
during  this  last  period  of  elevation. 

That  different  parts  of  the  same  continent  have  been  elevated 
at  different  successive  epochs  does  not  admit  of  a  doubt,  from  the 
evidence  of  horizontal  strata  reposing  on  others  which  are  inclined 
and  contorted,  and  it  appears  that  there  is  some  relation  between  the 
strike  of  the  beds  and  the  period  of  elevation,  but  what  that  relation 
is  it  will  require  a  long  series  of  observations  to  determine,  and  to 
ascertain  what  is  the  rule  and  what  the  exception.  The  parallelism 
of  all  the  dislocations  of  the  same  epoch  cannot  be  considered  as 
proved,  though  some  accordance  prevails  between  those  of  a  parti- 
cular age  within  limited  regions,  and  some  cases  of  it  have  been 
observed  between  others  which  are  remote. 

Facts  have  been  observed  which  are  favourable,  and  others 
which  are  unfavourable,  to  M.  De  Beaumont'*s  theory,  and  the 
British  Islands  afford  instances  of  both.  The  strongest  facts  in 
favour  of  it  are  the  n.b.  and  s.w.  axes  of  the  slate  regions  of  Wales, 
Cumberland,  Devon,  the  Grampians,  Lammermuirs,  Donegal,  and 
Cavan.  On  the  other  hand,  the  system  of  the  north  of  England 
comprises  the  Ribblesdale  antidinals,  having  also  a  n.  e.  and  s.  w. 
direction,  the  Penine  fault  ranging  n.  n.  e.  and  s.  s.  w.,  and  the 
Craven  fault  whose  range  is  w.s.w.  Wo  have  again  east  and  west 
lines  of  disturbance,  at  such  distant  epochs  as  those  when  the  coal 
measures  of  South  Wales,  and  the  tertiaries  of  the  Isle  of  Wight 
were  elevated. 

We  have  already  noticed  two  kinds  of  elevation  in  England, 
one  by  which  the  strata  have  been  fractured  and  thrown  into 
highly  inclined  positions,  the  other  by  which  they  have  been  raised 
like  the  plains  of  poikilitic  sandstone  to  a  considerable  elevation 
above  the  sea,  with  very  slight  disturbance  of  their  original  horizon - 
tality,  and  the  position  and  range  of  the  more  recent  strata  appear 
to  indicate  a  continued  elevatory  action  along  a  line  ranging  nearly 
K.  E.  and  s.  w.,  by  which  the  area  of  the  sea  to  the  eastward  of  it 
has  been  gradually  reduced  within  narrower  limits.  M.  do  Beau- 
mont himself,  admits  cases  of  parallelism  between  disturbances 
of  different  eras,  remarking  that  the  systems  7,  9,  and  10,  are 
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respectively  parallel  to  the  Bjstems  1,  2,  3,  the  corresponding  direo* 
tions  having  succeeded  one  another  in  the  same  order,  thus  leading  to 
the  supposition  that  there  has  been  a  kind  of  periodical  recurrence 
of  elevation  along  the  same,  or  nearly  the  same  lines. 

There  is,  likewise,  great  difficulty  in  determining  elevations  of 
the  same  period  to  have  been  strictly  contemporaneous,  our  only 
measures  of  geological  time  being  the  periods  during  which  certain 
groups  of  animals  flourished,  and  these  periods  are  so  indefinite  that 
we  cannot  be  certain  whether  thousands  of  years  may  not  have 
elapsed  between  different  dislocations  which  have  fractured  strata 
containing  the  same  organic  remains.  The  series  of  deposits  at 
present  known  is,  moreover,  of  so  broken  and  imperfect  a  nature  as 
to  lead  to  the  suspicion  that  between  some  of  the  groups  now  classed 
as  consecutive,  a  long  interval  of  time  may  have  elapsed,  of  which, 
as  our  knowledge  of  the  earth^s  structure  extcndfl,^  some  distant 
region  may  hereafter  furnish  the  records.  These  difficulties  beset 
us  in  our  endeavours  to  form  more  than  a  loose  approximation  to  a 
ehronological  arrangement  of  the  elevation  of  even  contiguous  chains 
of  mountains,  and  when  we  extend  our  investigations  to  distant 
parts  of  the  earth,  they  are  increased  by  our  present  ignorance  of  the 
lines  of  contemporaneous  stratification,  or  the  equivalents  of  the 
European  deposits. 

The  weakest  part  of  M.  de  Beaumont's  generalization  is  that 
which  connects  each  period  of  elevation  with  a  great  change  of 
organic  forms.  Two  great  breaks  occur  as  we  have  seen  in  the 
continuity  of  sedimentary  deposits  in  England,  the  one  between 
the  Cambrian  and  carboniferous  systems,  the  other  between  the 
carboniferous  system  and  the  magnesian  limestone,  and  yet  it  is 
not  until  after  the  latter  deposit  that  any  great  change  takes  place 
in  the  general  character  of  the  fossils.  The  skirts  of  the  Eastern 
Alps  also  contain  fossils,  conforming  both  to  the  secondary  and 
tertiary  types. 

Hypothesis  of  the  Eo'pansion  of  Liquid  Gases  as  a  cause  of 
Volcanic  Action,     Mr.  Lyell,  who  considers  a  central  nucleus  6[ 
heated  fluid  as  incompatible  with  the  ordinary  repose  of  the  surface, 
has   recourse   for   the  cause  of  volcanic  phenomena  to  chemical 
changes  produced  in  a  solid  interior  by  electric  currents,  and  to  the 
sudden  return  into  the  aeriform  state  of  gases  converted  by  pressure 
into  fluids,  since  it  has  been  ascertained  by  the  experiments  of  Mr. 
Faraday,  and  others,  that  at  temperatures  from  30°  to  50^  Fahr. 
the  gases    which   are    most    copiously  disengaged  from   volcanos 
may  be  reduced   to  the  liquid  form,   by  a  pressure  varying   from 
fifteen  to  fifty  atmospheres,  which  is  much  less  than  that  of  a 
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column  of  lava  extending  from  the  level  of  the  sea  to  the  summit  of 
Vesuvius. 

Variations  of  Internal  Temperature  from  Accumulation  o/Sedi-' 
mentary  Deposits.  Sir  John  Heschel,  who  has  lately  offered  some 
suggestions  on  the  cause  of  volcanic  action,  observes,  that  it  has 
always  been  his  greatest  difficulty  in  geology  to  find  a  primum 
mobile  for  the  volcano  taken  as  a  general,  and  not  a  local  pheno* 
menon,  considering  the  different  theories  insufficient,  wanting  in 
cxplicitness,  and  as  not  going  high  enough  in  the  inquiry,  or  up  to 
its  true  beginning,  and  also  aa  giving,  in  some  respects,  a  wrong 
notion  of  the  process  itself. 

How,  he  asks,  came  the  gases  which  are  evolved  to  be  con- 
densed! Why  did  they  submit  to  be  urged  to  liquifaction !  If 
they  were  not  originally  elastic,  but  became  so  by  subterranean  heat, 
whence  came  the  heat,  and  why  did  it  come!  How  came  the  pressure 
to  be  removed,  and  what  caused  the  crack?  It  seems  clear  that  if 
the  gases  or  aqueous  vapour  were  once  free  at  so  high  a  degree  of 
elasticity  as  is  presumed,  there  exists  no  adequate  cause  for  their 
confinement ;  we  are  forced  therefore  to  admit  that  the  elastic  force 
has  been  superadded,  during  their  sojourn  below,  by  an  accession  of 
temperature.  Agreeing  with  Mr.  Lyell,  that  the  ordinary  repose 
of  the  surface  argues  a  wonderful  inertness  in  the  interior,  where  he 
considers  everything  is  motionless,  and  debarred  from  the  invasion 
of  a  circulating  current,  or  casual  injection  of  intensely  hot  liquid 
from  below,  he  suggests  as  a  consequence,  resulting  by  known 
regular  and  calculable  laws,  from  an  assumed  high  central  tempera* 
ture,  that  the  accumulation  of  thick  and  extensive  sedimentary 
deposits  at  the  bottom  of  deep  seas  may  produce  volcanic  phenomena, 
by  causing  subterranean  oscillations  of  the  isothermal  surfaces  of 
great  temperature. 

The  effects  of  the  transfer  of  the  materials  of  continents  from 
above  to  below  the  depths  of  the  sea,  will  be  two-fold,  he  says,  a  mo* 
chanical  subversion  of  the  equilibrium  of  pressure,  and,  by  a  different 
process,  a  subversion  of  the  equilibrium  of  temperature,  by  increasing 
the  coating  and  removing  the  cooling  effects  of  the  surface,  and 
thus  bringing  a  high  temperature  to  a  point  where  it  did  not  exist 
before.  This  will  be  an  exceedingly  slow  process,  and  it  will 
depend,  Ist,  on  the  depth  of  matter  deposited,  2nd,  on  the  quantity 
of  water  retained  by  it  under  the  great  pressure,  3rd,  on  the 
tenacity  of  the  incumbent  mass,  whether  the  influx  of  caloric 
from  below,  which  must  take  place^  acting  on  the  water,  shall  either 
heave  up  the  whole  mass  as  a  continent,  or  shall  crack  it  and  escape 
as  a  submarine  volcano,  or  shall  be  suppressed  until  the  main  weight 
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of  the  contmnally  aooamulating  mass  breaks  the  ktend  rapports,  at 
or  near  the  coast  lines,  and  opens  there  a  chain  of  volcaoos.  As 
the  greatest  transfer  of  materials  to  the  bottom  of  the  ocean  is  pro- 
duced on  the  coast  line  by  the  action  of  the  sea,  while  the  quantity 
carried  down  by  rivers  from  the  surface  of  continents  is  compara- 
tively trifling,  tiie  greatest  local  accumulation  of  pressure  is  in 
central  areas  of  deep  seas,  but  the  greatest  local  relief  takes  place 
along  the  abraded  coast  lines.  Here,  therefore,  the  chief  volcanic 
vents  should  occur.  Thus,  from  the  accumulation  of  sedimentary 
deposits,  the  phenomena  of  earthquakes,  volcanic  explosions,  &c., 
may  arise,  but  if  all  goes  on  in  quiet,  the  only  consequence  will  bo 
the  obliteration  of  organic  remains  and  lines  of  stratification  and 
the  production  of  mstamorphio^  or  primary  stratified  rocks*.  A 
theory  identical  in  its  leading  point  had  previously  been  given  by 
Mr.  Babbage. 

MetaUio  Veins. 

The  origin  of  metallic  veins  must  be  considered  as  connected  with 
internal  heat.  The  assumption  prevalent  among  the  practical  miners 
of  Cornwall,  that  all  metallic  deposits  are  contemporaneous  with  the 
rocks  which  inclose  them,  is  unequivocally  disproved,  as  remarked 
at  p.  262,  by  those  veins  which  traverse  stratified  rocks  in  the  lead 
districts  of  the  carboniferous  limestone.  At  the  same  time  there 
are  some  which  we  must  allow  to  have  separated  during  the  gradual 
passage  of  the  masses  to  a  solid  state;  such  are  the  minerals  appear- 
ing disseminated  through  rocks  in  separate  particles,  and  sometimes 
in  small  intersecting  veins  or  strings  (like  those  of  carbonate  of  lime 
or  quartz)  which  are  not  continuous.  These  have  been  termed  by 
Professor  Sedgwick  veins  of  segregation.  Metallic  beds  again  must 
have  been  contemporaneous  with  the  strata  to  which  they  are  sub- 
ordinate ;  such  are  the  masses  of  reniform  haematite  alternating  with 
beds  of  mountain  limestone  in  Cumberland.  Lead  and  copper  also 
sometimes  occur  in  beds,  though  the  appearances  are  often  deceptive, 
the  supposed  beds  being  merely  horizontal  branches  from  a  vertical 
vein.  The  great  copper  pipe  veins  of  Ecton  must  likewise  be  con- 
sidered contemporaneous  with  the  shale  which  contains  them.  But 
the  regular  metalliferous  lodes,  or  rake  veins,  the  most  common 
form  in  which  metals  occur,  must  have  been  cracks  or  fissures  pro- 
duced during  periods  of  elevation,  and  filled  subsequently  to  the 
consolidation  of  the  rocks.  The  mode  in  which  the  metallic  matter 
was  introduced  is,  and  must  long  continue,  one  of  the  most  obscure 
questions  of  geology.   Of  the  various  hypotheses  proposed  as  solutions 

♦  Letter  to  Mr.  Lyell,  Prooeedinga  of  Geological  Society,  voL  il,  pp.  648,  696. 
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of  it,  none  ean  be  eonsidered  of  universal  application.  That  of 
Werner,  which  supposes  the  contents  of  veins  to  have  been  poured 
in  from  above  in  a  state  of  aqueous  solution,  is  the  most  untenable. 
There  may  be  exceptional  cases,  but  in  general  the  metallic  matter 
has  proceeded  from  below — ^injected  in  some  cases  in  a  state  of 
fusion,  as  in  the  elvans^  or  porphyritic  dikes — in  others,  sublimed 
from  a  heated  mass,  and  condensed  on  a  cooler  surface ;  but  the 
experiments  of  Mr.  Fox,  which  show  that  electric  currents,  excited 
perhaps  by  heat,  circulate  among  metallic  veins,  leave  little  doubt 
that  the  greater  part  of  them  owe  their  contents,  accumulated  on 
the  walls  or  sides  of  the  fissure  in  vertical  lamin»,  to  the  deve- 
lopement  on  a  grand  scale  of  eleotro<chemical  action.  By  such 
operations  insulated  masses  of  metallic  matter,  occurring  in  sparry 
nests  and  cavities,  or  in  the  hollow  of  shells,  may  have  been  trans- 
ferred from  the  sides  of  a  vein  through  a  considerable  mass  of  solid 
rock. 

Miners  have  observed  a  relation  between  the  productiveness  and 
the  direction  of  veins.  The  most  generally  productive  are  those 
which  range  nearly  east  and  west.  This  rule  prevails  in  nearly  all 
the  mining  districts  of  Europe  and  in  Mexico.  In  every  mining 
district  there  are  several  sets  of  veins,  some  of  which  intersect  the 
others,  and  always  interrupt  their  continuity  or  displace  them. 
These  were  considered  by  Werner  as  more  recent  than  the  veins 
which  they  displace.  There  is  likewise  some  relation,  in  particular 
districts,  between  the  direction  of  veins  and  the  nature  of  their 
contents.  On  these  principles  he  framed  a  classification  of  the  veins 
of  Saxony,  which  he  considered  applicable  to  those  of  England. 
Mr.  Carne,  on  the  same  principles,  has  divided  the  veins  of  Cornwall 
into  eight  classes,  of  the  following  relative  antiquity: — 1,  The  old 
tin  lodes  ;  2,  the  more  recent  tin  lodes ;  3,  the  oldest  east  and  west 
copper  lodes ;  4,  the  contra  or  quarter-point  copper  lodes ;  5,  the 
cross  courses ;  6,  the  more  recent  copper  lodes ;  7,  the  flukans  or 
clay  veins ;  8,  the  slides  or  faults  filled  with  clay :  Mr.  Hopkins, 
however,  who  has  investigated  the  subject  of  fissures  mathematically, 
denies  the  soundness  of  the  conclusion  that  the  continuous  is  more 
recent  than  the  discontinuous  vein ;  for  in  the  first  place,  the  displace- 
ment may  be  only  apparent,  and  the  irregularity  of  either  of  the 
fissures  may  be  origind  from  having  deviated  along  the  other,  as  the 
line  of  least  resistance,  in  which  case  the  discontinuous  fissure  will 
be  the  most  recent ;  and  secondly,  if  the  displacement  be  real,  the 
two  may  be  contemporaneous. 

Dependence  of  rich  Mineral  Districts  on  the  proximity  of  Igneous 
Rocks.    It  is  a  point  of  gr^t  importance  to  the  niiner  tQ  determine 
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the  general  laws  which  regulate  the  distribution  of  metals  to  diflSarent 
parts  of  the  series,  or  to  ascertain  what  rocks  are  most  productive 
of  rich  deposits  of  ore.     It  is  generally  true  that  these  are  most 
abundant  in  the  older  systems  ;  but  this  is  not  always  the  case,  and 
rules  which  guide  the  miner  to  the  discovery  of  new  veins  in  one 
country  fail  him  when  applied  to  another.     From  a  review  of  the 
principal  mining  districts  of  Great  Britain  and  Ireland,  Norway, 
France,  Germany,  Hungary,  the  Southern  Alps,  Russia,  and  the 
North  of  the  Black  Sea,  M.  Necker  has  announced  the  generalization 
that  rich  metallic  districts  are  dependent  on  the  proximity  of  igneous 
rocks  and  axes  of  disturbance,  and  every  subsequent  observation  has 
tended  to  confirm  this  theory.     Several  instances  have  been  men- 
tioned, during  our  description  of  the  stratified  rocks,  of  the  production 
of  small  nests  and  strings  of  various  metals  in  rocks  not  otherwise 
metalliferous,  in  the  vicinity  of  outbursts  of  trap.    On  comparing 
the  relative  connexion  of  metallic  accumulations  with   diflferent 
Igneous  rocks,  M.  Necker  finds  that  they  are  more  abundant  in 
granite,  certain  porphyries,  syenites,  amygdaloids,  and  traps,  which 
he  calls  underlying  unstratified  rocks,  than  in  the  newer  porphyries, 
dolorites,  and  true  volcanic  rocks,  which  he  terms  overlying.     It  is 
proximity  to  these  underlying  masses  that  renders  the  lower  stratified 
rocks  in  general  the  most  metalliferous,  and  that  causes  the  killas  of 
Cornwall,  (and  even  the  carboniferous  strata,)  to  be  richer  in  metals 
than  rocks  of  the  same  ago  in  North  Wales.     The  mining  districts 
of  Shelve  and  Nant  y  Moen,  situated  in  the  upper  part   of  the 
Cambrian  and  in  the  Silurian  system,  are  connected  with  igneous 
outbursts;  and  axes  of  disturbance  have  caused  abundance  of  lead 
veins   in  the  carboniferous  limestone  of  the  Mendips,  Flintshire, 
Derbyshire,  and  Northumberland,  while  they  are  rare  in  the  broad 
undulations  of  the  same  rock  which  cover  so  large  a  surface  in 
Ireland.     Mineral  veins  are  scarcely  known  in  England  in  the  upper 
part  of  the  secondary  series,  which  is  there  but  little  disturbed,  and 
unbreached  by  i/:;neous  rocks,  but  they  are  profitably  worked  in  the 
same  rocks,  on  the  flanks  of  some  of  the  continental  chains,  and  in 
the  Andes  even  the  tertiary  series  becomes  metalliferous  and  crystal- 
line in  contact  with  granite. 

This  dependence  of  numerous  fissures,  filled  with  rich  deposits  of 
ore,  on  the  proximity  of  granitic  and  other  porphyritic  rocks,  furnishes 
a  general  rule  of  the  highest  practical  value  to  the  miner,  while  it 
forms  an  important  step  in  our  progress  towards  a  knowledge  of  the 
causes  which  have  influenced  the  formation  and  repletion  of  metallic 
veins.  "  These,"  to  use  the  words  of  Professor  Whewell,  "  formed 
the  earliest  subjects  of  geological  speculation,   and  will  probably 
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remain  as  a  problem  for  its  later  stages  when  our  insight  into  the 
laws  of  slow  chemical  changes  shall  be  far  greater  than  it  is  at 
present." 

Hypoiherii  of  Secular  Bejrifferation  proposed  by  Leibnitz. 

The  doctrine  of  a  gradually  cooling  globe  haunts  the  geologist  at 
every  step  in  his  attempts  to  advance  to  a  knowledge  of  causes,  and 
appears  to  offer  a  probable  explanation  of  many  geological  pheno- 
mena, such  as  the  universal  prevalence  of  granite  and  the  crystalline 
stratified  rocks,  the  temperature  of  the  earlier  climates,  as  evinced 
by  organic  remains,  the  general  diffiision  of  that  high  temperature, 
its  apparent  independence  of  solar  heat,  and  gradual  decrease  in  later 
periods,  while  the  mountain  chains  by  which  the  surface  has  succes* 
sively  been  ridged,  the  long  periods  of  ordinary  action,  separated, 
apparently,  by  short  intervals  of  disturbance,  and  accompanied  by 
clysmical  or  diluvial  irruptions  of  the  sea  over  the  land,  may  all  be 
attributed  to  the  fracture  and  collapse  of  the  external  crust  accom- 
modating itself  to  the  contracting  dimensions  of  the  cooling  nucleus. 
To  the  objection  urged  against  this  hypothesis,  that  a  contraction  of 
the  dimensions  of  the  globe  would  cause  a  diminution  of  the  length 
of  the  day,  whereas  it  appears  not  to  have  varied  by  y^th  of  a  second 
since  the  time  of  Hipparchus,  it  is  replied  that  the  process  of  refri- 
geration has  now  become  so  exceedingly  slow  as  to  be  imperceptible 
for  periods  of  no  greater  duration  than  two  thousand  years,  and  that 
the  crust  does  not  accommodate  itself  to  the  altered  dimensions  of 
the  interior  gradually,  but  remains  for  a  long  time  in  a  state  of 
tension  between  each  collapse. 

ProspecU  of  a  Mathematical  Basis  for  Geology. 

But  however  important  inquiries  into  the  state  of  the  interior  of 
the  globe  roust  be,  in  all  attempts  to  advance  from  laws  of  pheno- 
mena to  laws  of  causation,  and  however  plausible  the  hypothesis  of 
central  fluidity,  as  a  means  of  explaining  some  of  the  dark  problems 
of  geology,  stronger  proofs  must  be  obtained  before  it  will  be 
generally  admitted.  If  we  are  ever  to  arrive  at  certain  knowledge 
on  this  subject,  it  can  only  be  by  means  of  refined  mathematical  and 
astronomical  investigations.  In  our  attempts  to  penetrate  the  dark 
recesses  of  the  earth,  we  have  evoked  spirits  which  can  only  be  laid 
by  the  spells  of  more  potent  magicians — we  have  raised  questions 
which  are  not  to  be  solved  by  the  hammer  of  the  geologist,  but  they 
have  attracted  the  attention  of  the  most  eminent  mathematicians  of 
the  age,  and  a  solution  of  them  may  possibly  be  within  their  reach. 
We  are  told  by  one  who  is  no  mean  authority  in  whatever  relates 
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to  exact  science,  of  the  hopes  as  well  aa  the  diflScnltieB  iiHiieh  Aitcttd 
the  attempt  to  constmct  a  syst^n  of  physical  geology : 

^'  We  have  accumulated/'  says  Professor  Whewell,  addressiog 
the  Geological  Society,  ^^a  vast  store  of  facts  of  observation,  and 
have  laboured  with  intense  curiosity,  but  hitherto  with  very  imper- 
fect success,  to  extract  from  these  facts  a  clear  and  oonneeted  know- 
ledge of  the  history  of  the  earth's  changes.    Nearly  the  same  was 
the  condition  of  astronomy  at  the  time  of  Keider,  when  the  aoeomu* 
lated  observaticms  of  twenty  centuries  resisted  all  the  attempts  of 
that  ingenious  man  and  his  contemporaries  to  construct  a  scieoee  of 
physical  astronomy.    |But  though  checked  by  such  failures,  they 
were  not  far  from  success ;  and  when,  for  the  next  succeeding  cen- 
tury, philosophers  had  employed  themselves  in  creating  a  distinct 
science  of  dynamics,  the  science  of  physical  astronomy,  full  and 
complete,  made  its  appearance^  as  if  it  were  a  matter  of  oonrse; 
and  thus  showed  the  wisdcHn  of  separately  cultivating  the  study  of 
causes,  and  the  classification  of  &cts.''    ^^  I^'^  he  elsewhere  obaenres, 
^'  from  those  proximate  causes  of  change  of  which  I  have  spoken, 
we  proceed  to  those  ulterior  causes  by  which  evrats  such  as  these 
were  produced — ^to  the  subterraneous  machinery  by  which  islands 
and  continents  appear  and  vanish  in  the  great  drama  of  the  world^s 
physical  history— we  have  before  us  questions  still  more  obscure, 
but  questions  which  we  must  ask  and  answer,  in  order  to  entitle 
ourselves  to  look,  with  any  hope,  towards  geological  theory.     Of 
late  years,  an  opinion  has  taken  root  among  us,  that  the  dynamics 
of  geology  must  invoke  the  aid  of  mathematical  reasoning  and  cal- 
culation, as  the  dynamics  of  astronomy  did  at  the  turning  point  ot  its 
splendid  career.     Nor  can  we  hesitate  to  accept  this  opinion,  and  to 
look  forward  to  the  mathematical  cultivation  of  physical  geology,  as 
one  of  the  destined  stages  of  our  progress  towards  truth.    But  we 
must  remember,  that  in  order  to  pursue  this  path  with  advantage,  we 
have,  in  every  instance,  two  steps  to  make,  each  of  which  demands 
great  sagacity,  and  may  require  much  time  and  labour.     These  two 
steps  are  to  propose  the  right  problem,  and  to  solte  it.     Last  year,  an 
important  example  of  this  kind  was  brought  under  your  notice  by 
my  predecessor.     The  supposition  that  there  are,  beneath  the  crust 
of  the  terrestrial  globe,  liquid  or  semi-liquid  masses  which  exert  a 
pressure  upwards,  leads  to  the  inquiry  what  phenomena  of  fissure, 
disruption,  and  dislocation,  this  subterraneous  strain  would  produce. 
The  answer  to  this  inquiry  must  be  given  by  mathematical  reason- 
ing, from  mechanical  principles ;  and  Mr.  Hopkins,  who  proposed, 
and  to  a  considerable  extent  solved  this  problem,  has  put  forth  a  set 
of  results,  with  which,  so  far  as  they  are  definite  and  decisive,  it  will 
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be  highly  important  to  compare  the  existing  phenomena  of  diBturbed 
districts.''^ 

After  noticing  the  speculations  of  Sir  John  Herschel  and  Mr. 
Babbage,  ahready  cited,  on  the  changes  of  internal  temperature,  by 
the  partial  distributicm  of  sedimentary  matter  over  the  bottom  of  the 
ocean,  describing  diem  as  but  the  enunciation  of  a  problem  requiring 
no  small  share  of  nmthematical  skill  for  its  solution,  and  observingy 
that  in  order  to  render  them  of  permanent  use,  it  will  be  necessary 
to  express,  in  some  probable  numbers,  the  laws  of  the  results  as 
affected  by  the  conductibility  of  the  earth^s  mass,  the  rate  and 
thickness  of  the  deposit,  &c.,  whether,  for  instance,  if  a  deposit  of 
one  thousand  feet  thick  be,  as  we  know  it  is,  quite  insufficient  to 
occasion  a  metamorphic  condition  of  its  lower  strata,  one  of  ten  or 
twenty  thousand  feet  would  call  into  play  such  a  process, — ^he  pro- 
ceeds :  ^^  To  answer  questions  like  these,  of  whidi  a  vast  number 
must  at  once  occur  to  our  minds,  we  have  many  experimental  data 
to  collect,  and  many  intricate  calculations  to  follow  out.  And  it 
would  be  easy  to  point  out  problems  of  a  still  more  abstruse  kind,  in 
which  we  no  less  require  aid  from  the  mathematician,  before  we  can 
proceed  in  our  generalizations.  May  we  not  hope  to  see  some  for- 
tunate man  of  genius  unveil  to  us  the  mechanics  of  crystalline 
forces  ?  And  when  that  is  done,  can  we  doubt  that  we  shall  have  a 
ray  of  new  light  thrown  upon  those  extraordinary  phenomena  of 
slaty  cleavage  in  mountain  nmsseg  which  have  lately  been  brought 
under  our  notice!  Or,  recollecting  the  experiments  of  Sir  James 
Hall,  (a  striking  step  in  geological  dynamics,)  may  we  not  hope, 
then,  to  learn  how  these  crystalline  forces  are  stimulated  by  heat ; 
and  thus  follow  the  metamorphic  process  into  its  innermost  recesses! 
These,  and  a  thousand  such  questions,  lie  before  us;  tanked  and 
arduous  inquiries,  no  doubt,  but  connected  by  their  conunon  bearing 
upon  one  great  subject  : 

A  mighty  maze,  but  not  without  a  plan. 

And  through  this  maze  we  must  force  our  way,  in  order  to  advance 
to  any  sound  geological  theory.  The  task  is  one  of  labour  and  diffi- 
culty ;  but  I  well  know  that  you  will  not  shrink  from  it  on  that 
account.  Those  who  aspire  to  the  felicity  of  knowing  the  causes  of 
things,  must  not  only  trample  under  foot  the  fears  of  a  timid  unphi- 
losophical  spirit,  which  the  poet  deems  so  necessary  a  preparation, 
but  they  must  look  with  a  steady  eye  upon  difficulty  as  well  as 
violence.  They  must  regard  the  terrors  of  the  volcano  and  the 
earthquake,  the  secret  paths  by  which  hot  and  cold  and  moist  and 
dry  ran  into  their  places,  the  wildest  rush  of  fluid  mass,  the  latent 
powers  which  give  solidity  to  the  rock,  as  operations  of  which  they 
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have  to  trace  the  laws,  and  measure  the  quantities  with  mathe- 
matical exactness.  And  though  there  can  be  no  doubt  that  the 
greater  part  of  us  will  be  more  usefully  employed  in  endeayouring 
to  add  to  the  stores  of  descriptive  geology,  than  in  these  abstruse 
and  intricate  investigations,  yet  we  must  always  receive  with 
great  pleasure  any  communications  containing  real  advances  in  the 
mathematical  dynamics  of  geology,  from  those  whose  studies  and 
whose  powers  enable  them  to  lay  an  effectual  grasp  on  these  complex 
and  refractory  problems  *.'^ 

If,  in  the  cultivation  of  geology  by  proficients^*  in  the  science,  it 
is  advisable  to  separate  the  classification  of  facts  from  the  study  of 
causes,  such  separation  must  be  still  more  advantageous  for  those 
who  are  entering  on  its  elementary  details.  We  have  kept  this 
object  in  view  in  the  present  work,  though  it  has  not  always  been 
possible  strictly  to  adhere  to  it.  It  is  difficult,  for  instance,  to 
describe  the  primary  stratified  rocks,  or  the  loose  covering  of  the 
earth,  without  noticing  the  discordance  of  opinion  which  prevails 
respecting  their  origin ;  neither  can  we  treat  of  igneous  rocks  and 
internal  temperature,  avoiding  at  the  same  time  all  allusion  to  the 
various  hypotheses  proposed  with  reference  to  the  causes  of  volcanio 
phenomena,  and  to  the  theory  of  secular  refrigeration  as  connected 
with  the  elevation  of  continents  and  change  of  climate.  The  mass 
of  undoubted  facts,  and  the  admitted  inferences  from  them,  ought, 
however,  to  receive  the  chief  attention  of  the  student;  questions 
which  are  still  subjects  of  inquiry  and  discussion,  being  reserved 
for  a  more  advanced  stage  of  his  progress.  Let  us,  'therefore,  in 
conclusion,  recapitulate  those  principal  facts  and  limited  generaliza- 
tions which  may  be  deemed  established,  briefly  pointing  out  those 
questions  respecting  laws  of  causation  which  are  still  involved  in 
obscurity. 

Summary  of  admitted  Facts  and  Inferences  in  Geology, 

1 .  Kocks  are  now  forming,  both  by  the  agency  of  fire  and  water, 
and  each  process  has  been  employed  in  times  past,  in  the  formation 
of  tlie  crust  of  the  earth. 

2.  The  materials  of  which  this  crust  is  composed,  are  arranged 
in  a  determinate  order  of  superposition. 

S.  Its  base  consists  of  crystalline  unstratified  masses,  which  have 
frequently  pierced  through  the  superincumbent  beds,  have  produced 
the  same  alterations  on  the  sedimentary  rocks  in  contact  with  them, 
which  are  produced  by  igneous  rocks,  and  they  pass  by  insensible 
gradations  of  composition  into  known  igneous  products. 

*  Anniversary  Address,  Prooeedingi  of  Geological  Society,  vol.  ii.,  p.  C4& 
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The  pyrogenous  origin  of  these  granitic  rocks,  once  disputed,  is 
now  universally  admitted.  The  only  difference  of  opinion  is  respect- 
ing the  time  when  they  were  in  a  state  of  fusion.  Some  regard 
them  as  the  first  crust  that  cooled  on  the  surface  of  a  globe,  in  a 
state  of  original  incandescence ;  others  consider  them  as  the  fused 
and  reconsolidated  materials  of  older  sedimentary  strata  than  any  now 
visible.  If  this  opinion  be  correct,  many  other  series  of  events,  like 
that  indicated  by  the  fossiliferous  strata,  may  have  occurred,  of 
which  we  can  never  recover  the  monuments. 

When  granite  sends  off  veins  into  the  rocks  which  cover  it,  there 
is  no  doubt  that  it  is  the  more  recent  of  the  two.  Tried  by  this  test, 
we  find  the  granite  of  the  Grampians  younger  than  the  mica  slate, 
that  of  Cumberland  and  Wicklow  than  the  clay  slate,  that  of  Devon- 
shire than  the  carboniferous  system.  The  continent  of  Europe 
furnishes  instances  of  granite  more  recent  than  the  Silurian,  oolitic, 
and  cretaceous  systems ;  and  that  of  the  Andes  appears  to  have  been 
in  a  fluid  state  during  the  tertiary  era.  In  short,  it  is  difficult  to 
point  out  any  granite  which  we  can  prove  to  be  older  than  rocks  of 
the  Cambrian  system, — but,  at  the  same  time,  the  paucity  of  species 
found  in  those  early  fossiliferous  rocks,  and  their  progressive  increase, 
as  we  ascend  in  the  series,  renders  it  probable  that  we  see  the  com- 
mencement of  organic  life,  and  of  watery  action  on  the  surface  of 
the  earth. 

4.  The  granitic  rocks  are  succeeded  in  the  ascending  order  by 
t:rystalline  strata,  destitute,  like  them,  of  organic  remains.  They 
exhibit  traces  of  sedimentary  deposit,  and  graduate  on  the  one  hand 
into  the  slate  series  of  decided  aqueous  formation,  and  on  the  other 
into  granitic  rocks,  to  which,  on  the  above  evidence,  an  igneous 
origin  is  assigned.  The  prevalent  opinion  respecting  them  is,  that 
they  are  sedimentary  deposits  altered  by  heat ;  but  the  amount  of 
change  is  still  matter  of  controversy.  By  some,  their  peculiar 
aspect  is  supposed  the  result  of  the  degradation  and  decomposition 
of  the  first  granitic  crust ;  and  the  absence  of  fossils  arises  from  the 
peculiar  conditions  (perhaps  the  heat)  of  the  early  ocean,  which 
rendered  it  unfit  for  the  abode  of  organic  life. 

According  to  the  other  view,  the  fossiliferous  strata  are  approach- 
ing a  state  of  fusion,  the  last  stage  of  which  is  granite ;  fossils  which 
they  once  contained  have  disappeared  during  the  process,  and  any 
sedimentary  rocks  may  be  reduced  to  the  same  state. 

5.  Our  present  ContinenU  once  the  Bed  of  the  Sea,  These  non- 
fossiliferous  strata  are  succeeded  by  a  vast  series  of  stratified  rocks, 
similar  to  those  aqueous  deposits  now  observed  to  be  forming  at  ^e 
mouths  of  rivers,  and  in  shallow  seas.    Like  them,  they  abound 
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with  the  shells  and  corals  which  must  have  lived  on  or  h^at  the 
spots  where  they  are  found,  and  contain  plants  and  other  terrestrial 
remains  swept  down  from  the  land.  This  series  is  several  miles 
thick.  The  lower  strata  must  be  the  oldest,  the  uppermost  the  most 
recent.  Each  must  have  formed  in  succession  the  bed  of  the  sea; 
and  exhibits  the  organic  forms  which  lived  during  its  deposition. 

G.  Svccemon  of  Orpanio  Forms.  This  series  is  divisible  into 
several  groups,  each  distinguished,  over  very  extensive  areas,  by 
peculiar  groups  of  organic  remains.  The  ancient  races  of  plants 
and  animals  thus  preserved  for  our  observation,  exhibit  a  close 
analogy  to  existing  races,  are  susceptible  of  arrangement  into  the 
same  leading  divisions,  founded  on  important  points  of  atmetare, 
yet  are  distinguished  from  them  by  considerable  diflbrencea  of  detail. 
These  differences  consist,  in  general,  of  minute  specific  distinctions, 
but  some  of  the  fossils  are  not  referrible  to  existing  genera,  or  even 
families.  The  greatest  contrast  prevails  between  those  groups  of 
organic  remains  which  are  derived  from  the  extremes  of  the  aeries, 
the  greatest  resemblance  between  those  which  are  nearest  to  one 
another  in  the  order  of  succession.  The  passage  from  one  asoem* 
blage  of  fossils  to  another,  is,  for  the  most  part,  gradual.  Thasa 
results  are  founded  chiefly  on  observations  made  in  Europe,  but  they 
are  more  than  local  truths,  for  groups  of  fossils  which  oharacteriie  a 
certain  system  of  strata  in  one  country,  are  found  in  the  same  part 
of  the  series  in  countries  separated  by  thousands  of  miles.  The 
assemblages  of  contemporaneous  fossils  exhibit  a  general  similarity 
of  aspect  at  such  distant  points,  accompanied  by  some  local  pecu* 
liarities,  which  increase  in  proportion  to  the  distance.  Local  diver- 
sities likewise  are  more  prevalent  in  the  upper  than  in  the  lower  part 
of  the  series. 

7.  Lapse  of  Time.  An  immense  lapse  of  time  must  have  be^i 
consumed  in  the  formation  of  the  stratified  rocks.  In  the  existing 
Bvsteni  of  nature,  time  would  be  required  for  the  formation  of  a  bed 
of  sandstone  bearing  an  insignificant  proportion  to  the  sum  of  the 
series.  Time  would  be  requisite  for  the  production  of  its  fragment- 
ary materials  from  the  wear  of  older  rocks,  for  their  arraugement 
into  the  numerous  layers  of  which  it  is  composed,  for  the  growth  of 
the  organic  remains  which  it  contains.  Far  longer  then  must  have 
been  the  period  indicated  by  the  more  complicated  details  of  a  single 
formation,  its  alternations  of  sandstones  with  clays  and  limeetonec, 
of  lava  currents  with  aqueous  deposits,  of  strata  inclosing  trees, 
the  growth  of  centuries,  swept  down  by  inundations  from  the  land, 
with  others  containing  marine  molluscs  in  every  stage  of  growth,  all 
implying  periodical  cessations  and  renewals  of  mechanical,  chemical. 
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and  vital  action.  When  we  trace  numerous  repetitions  of  these 
alternations  through  formation  after  formation,  and  system  after 
system,  constituting  a  succession  of  strata  some  miles  in  thickness; 
when  we  see  that  rocks  formed  by  this  slow  process  h^ve  been 
consolidated  and  broken  up,  their  fragments,  containing  fossil 
remains,  reconsolidated  into  conglomerate  rocks,  those  conglome- 
rates again  broken  up  and  again  consolidated ;  and,  lastly,  when  we 
contemplate  the  gradual  change  of  organic  types  from  the  oldest  to 
the  most  recent  strata,  every  candid  inquirer  must  admit  that  the 
few  thousand  years  during  which  the  human  race  has  been  placed 
upon  the  earth  sink  into  insignificance^  compared  with  the  time 
required  for  this  succession  of  events. 

8.  Elevation  of  Land.  The  greater  part  of  the  dry  land  whoso 
structure  has  yet  been  examined,  that  is,  Europe,  North  America, 
India,  and  a  small  part  of  Africa,  are  composed  either  of  these  fossili- 
ferous  strata,  or  of  igneous  rocks  which  can  be  proved  to  have  burst 
through  them;  and  as  all  aqueous  deposits  must  have  been  originally 
nearly  horizontal,  and  portions  of  them  are  now  found  on  the  flanks 
of  mountains  broken,  contorted,  and  elevated  into  positions  making 
considerable  angles  with  the  horizon,  the  desiccation  of  part  of  the 
ancient  bed  of  the  sea  appears  to  have  been  effected  by  subterranean 
forces  acting  along  certain  lines,  which  have  brought  up  with  them, 
sometimes  in  a  fluid,  sometimes  in  a  solid  state,  the  igneous  rocks 
which  form  the  central  axis  of  most  chains  of  mountains. 

9.  At  iuceeisive  Epochs.  These  elevations  have  taken  place  at 
successive  epochs,  and  the  relative  age  of  different  mountain  chains 
is  determined  by  observing  what  strata  have  been  disturbed  and 
what  lie  upon  or  unconformably  against  them. 

10.  Fossiliferous  strata  are  often  found  raised  to  great  heights 
above  the  sea,  with  very  slight  disturbance  of  their  horizontality. 
These  constitute,  perhaps,  nearly  half  the  area  of  the  dry  land,  and 
their  desiccation  appears  to  have  been  effected  by  a  gradual  expansion 
beneath  an  extensive  region,  or  by  the  repetition  of  a  number  of 
minor  shocks.  We  have  examples  of  both  these  kinds  of  movements' 
now  in  action. 

11.  From  the  fractured  and  contorted  state  of  stratified  rocks 
in  the  vicinity  of  mountains,  they  appear  to  have  been  thrown  up 
by  sudden  and  violent  convulsions.  Disturbances  of  this  magnitude 
have  not  happened  within  the  range  of  human  experience,  and 
therefore  their  occurrence  in  periods  antecedent  to  the  existence  of 
the  human  race  is  denied  by  some  geologists. 

12.  Internal  Heat.  The  elevation  of  mountains  and  continents, 
the  phenomena  of  volcanos  and  earthquakes,  appear  to  be  different 
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modifications  of  subterranean  forces  depending  on  the  thermal  state 
of  the  interior,  the  nature  of  which  must  be  left  to  the  researches 
of  mathematicians  and  astronomers.  It  is  certain  that  the  tem- 
perature of  the  earth  increases  progressively  to  small  depths,  and 
that,  if  the  same  progression  continues  to  greater  depths,  all 
known  substances  must  be  in  a  state  of  fusion  a  few  miles  below 
the  surface. 

13.  Change  of  Climate.  The  tropical  aspect  of  the  vegetation  of 
the  lower  part  of  the  fossiliferous  series  and  its  lamelliferous  corals, 
the  large  chambered  shells,  corals,  and  saurians  of  the  middle  part, 
the  palms,  monkeys  and  boas,  with  the  nautili,  and  other  shells  of 
the  tertiary  deposits,  indicate  that  a  high  but  gradually  decreasing 
temperature  prevailed  in  northern  latitudes  during  the  earlier  geolo- 
gical epochs;  and  this  high  temperature  appears  to  have  been  gene* 
rally  diffused  over  the  globe,  plants  of  nearly  the  same  species  being 
found  in  the  carboniferous  strata  of  Europe,  Canada,  Greenland,  and 
Australia,  which,  from  their  high  state  of  preservation,  could  not 
have  grown  far  from  the  localities  where  they  occur. 

14.  Cause  of  the  Change  of  Climate  unknown.  We  have  made 
as  little  progress  towards  a  knowledge  of  the  cause  of  this  change  of 
climate  as  towards  a  discovery  of  the  primary  source  of  subterranean 
movements.  We  have  already  noticed  the  hypothesis  of  a  gradually 
cooling  globe, — that  of  a  change  of  axis  is  precluded  by  its  incon- 
sistency with  the  figure  of  the  earth  and  the  laws  of  equilibrium. 
In  a  recent  inquiry  into  the  astronomical  causes  which  may  have 
influenced  geological  changes,  Sir  John  Herschel  puts  the  secular 
variation  of  the  obliquity  of  the  ecliptic  out  of  the  question,  as  con- 
fined within  limits  too  narrow  to  have  caused  any  sensible  effect  on 
our  climates,  but  shows  by  direct  calculations  that  the  mean  annual 
amount  of  solar  heat  received  by  the  earth  is  inversely  proportional 
to  the  minor  axis  of  the  ellipse  it  describes  at  different  periods: 
that  is,  it  diminishes  or  increases  with  the  diminution  or  increase  of 
eccentricity,  ^he  eccentricity  of  the  earth's  orbit  is  slowly  decreas- 
ing. The  calculations  necessary  to  determine  whether  the  limits  of 
variation  are  such  that  any  sensible  change  of  temperature  can  have 
been  produced  by  this  cause,  though  practicable,  are  very  laborious, 
and  have  never  yet  been  made;  but,  assuming  hj^pothetically  that 
the  eccentricity  may  once  have  been  as  great  as  tliat  actually  exist* 
ing  in  the  orbits  of  some  of  the  planets,  he  proves  that  its  slow 
diminution  maif  have  produced  a  change  of  climate  to  as  great  an 
extent  as  geological  indications  appear  to  require. 

On  this  hypothesis,  other  modifications  in  the  diffusion  of  light 
and  heat  would  be  caused  by  the  precession  of  the  equinoxes  and 
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the  place  of  apogee.  By  the  continual  movement  of  these  points 
they  will  make  the  entire  circuit  of  our  orbit  after  the  completion 
of  a  long  cycle,  so  that  during  one  part  of  it  our  summers  would 
coincide  with  the  greatest,  and  during  another  with  the  least,  dis- 
tance from  the  sun;  and,  in  an  orbit  of  considerable  eccentricity, 
the  conditions  would  produce  at  one  time  a  climate  approaching  to 
perpetual  spring,  and  at  another  to  the  extreme  vicissitudes  of  a 
burning  summer  and  a  rigorous  winter,  and  that  during  periods 
sufficiently  long  to  impress  a  corresponding  character  on  the  vege- 
table and  perhaps  animal  productions  of  both. 

In  the  existing  economy  of  nature  considerable  differences  of 
dimate  are  produced  in  corresponding  latitudes  by  differences  in  the 
distribution  of  land  and  water,  and  Mr.  Lyell  has  proposed  this 
cause  as  alone  sufficient  to  have  produced  the  high  temperature  of 
the  early  geological  epochs,  by  the  preponderance  of  land  in  equa- 
torial latitudes  and  of  ocean  towards  the  poles. 

15.  Gradual  Change  from  the  ancient  to  the  present  State  of  the 
Earth.  The  change  from  one  condition  of  the  terraqueous  surface 
to  another,  as  indicated  by  diffiarent  groups  of  organic  bodies,  has 
been  gradual.  The  greatest  break  observable  in  Europe  is  between 
the  cretaceous  and  the  tertiary  series,  but  slight  local  indications  of 
a  passage  from  one  to  the  other  have  been  discovered  within  that 
area,  and  may  hereafter  be  found  more  completely  developed  in  other 
parts  of  the  world. 

16.  Of  all  the  geological  epochs,  the  tertiary  exhibits  the 
closest  analogy  to  that  in  which  we  live.  Its  organic  remains  are 
more  diversified  than  in  the  secondary  rocks ;  mammalia,  which, 
with  one  exceptional  case,  are  not  found  in  older  strata  in  any  part 
of  the  world,  then  became  abundant,  extinct  genera  first  making 
their  appearance,  then  extinct  species  of  living  genera.  Existing 
species  of  molluscs  were  gradually  introduced,  as  well  as  a  new 
group  of  plants  distinct  from  the  three  which  preceded  it,  and 
approximating  more  closely  to  living  species. 

17.  The  passage  from  the  tertiary  to  the  modern  period  was 
gradual.  Groups  of  molluscs,  identical  with  those  now  living  in 
the  adjoining  waters,  were  coexistent  in  the  same  regions  with 
extinct  species  of  mammalia. 

18.  While  these  extinct  species  of  mammalia  inhabited  England, 
and  its  seas  contained  the  same  groups  of  molluscs  that  are  now 
found  in  them,  marine  currents  of  extraordinary  violence  dispersed 
large  boulders  from  the  North  over  the  British  Islands.  These  are 
by  some  geologists  treated  as  deposits  formed  by  the  ordinary  action 
of  the  sea,  and  classed  as  raised  beaches.    This  assumption  is  centre- 
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verted  in  the  nineteenth  chapter,  and  proofs  adduced  of  the  transient 
action  of  the  sea  upon  land  inhabited  by  large  terrestrial  mammalia. 
With  these  diluvial  currents,  elephants,  hjfienaSy&c, disappeared  from 
England,  and  they  are  succeeded  by  strata  containing  the  remains 
of  man  and  of  the  animals  now  inhabiting  the  country. 

19.  A  great  dispersion  of  boulders  appears  to  have  taken  place 
over  various  parts  of  Europe  and  North  America  about  the  same 
period.  In  the  vicinity  of  the  Alps,  there  are  two  distinct 
diluvial  accumulations  connected  with  different  elevations  of  that 
chain. 

20.  Recent  Origin  of  Man.  We  have,  at  present,  no  evidence 
whether  the  most  recent  diluvial  action  occurred  after  the  creation 
of  man.  Human  remains  have  not  been  found  in  or  below  the  di]a« 
vial  deposits  in  any  part  of  Europe, — nor  have  they  yet  been  met 
with  in  the  tertiary  strata  of  any  other  part  of  the  world. 

That  man  and  his  contemporary  species  are  but  recent  iababi« 
tants  of  the  earth,  is  one  of  the  fundamental  truths  of  geology. 
That  Volume  which  reveals  the  moral  history  of  our  race  announces 
the  same  fact.    It  is  silent  respecting  former  creations,  because  they 
are  unconnected  with  that  history ;  but  abundant  records  of  them 
are  inscribed  on  the  framework  of  the  globe,  in  characters  so  promi- 
nent that  they  seemed  placed  there  to  attract  our  attention.     Some 
pass  them  by  as  beneath  their  notice — some,  actuated  by  a  mistaken 
zeal  or  a  superstitious  dread,  avert  their  eyes  from  them,  pronounce 
harsh  judgments  on  those  who  attempt  to  decipher  them,  and  close 
their  ears  against  the  wondrous  tale  which  they  relate.     And  yet 
those  records  are  fraught  with  lessons  of  gratitude,  humility,  and 
reverence.     They  teach  us  that   man,  so  highly  favoured  by  his 
Maker,  forms  a  mere  atom  in  the  great  scheme  of  creation.     The 
earth  and  its  products  are  now  placed  in  subjection  to  us,  and  we 
deem  in  our  pride  that  they  were  made  exclusively  for  us.     We 
derive  beneiit,  it  is  true,  from  former  creations,  no  loss  than  from 
that  which  surrounds  us.     The  ancient  vegetation,  buried  beneath 
miles  of  strata,  ministers  to  our  comfort  as  well  as  that  which 
clothes  the  surface,  and  the  convulsions  which  have  shattered  the 
crust  of  the  earth  have  placed   it  within  our  reach;  but  if  our 
benefit  was  the  only  end  proposed  in  its  creation,  what  purpose  do 
we  suppose  to  have  been  answered  by  the  extinct  races  of  animals, 
none  of  which  ever  did  man  service,  while  some  of  them,  if  living 
now,  we  should  brand  as  noxious  and  labour  to  exterminate— those 
monsters  which  basked  on  the  banks  of  the  Wealden  riversi  or  took 
their  pastime  in  the  waters  of  the  oolitic  ocean !    Can  we  doubt 
that  they  were  called  into  being  as  manifestations  of  the  Ditine 
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will,  designed  to  display  to  other  intelligent  natures  than  ours,  the 
glories  of  an  omnipotent  Creator  ? 

Nor  think,  though  men  were  none, 
That  Heaven  would  want  spectators,  God  want  praise,— 

and  to  beings  endued  with  faculties  capable  of  comprehending  the 
whole  plan  of  creation,  of  which  we  see  but  a  part,  and  that  part 
imperfectly,  what  delight  must  have  been  afforded  by  the  coritem- 
plation  of  the  great  chain  of  being  thus  successively  exhibited,  when 
we  can  find  so  much  to  admire  in  its  broken  and  disjointed  frag- 
ments !  The  structure  of  the  earth,  as  well  as  the  mechanism  of  the 
heavens,  proclaims  the  Divinity  of  the  Hand  which  made  them. 
The  one  tells  of  power  and  wisdom  displayed  through  the  immensity 
of  space,  the  other  tells  of  the  same  attributes  displayed  through 
the  immensity  of  time ;  and  thus,  every  bone  and  shell  and  leaf 
disinterred  from  the  dust  of  the  earth,  leads  our  thoughts  towards 
eternity,  and  the  world  of  spirits,  and  tells  us  that,  though  all 
things  visible  are  subject  to  change,  they  are  the  work  of  one 
invisible  and  ^eternal  Being,  '^  the  same  yesterday,  to-day,  and  for 
ever."*' 
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THE  GLACIAL  THEORY  OF  M.  AGASSIZ. 


POSTSCRIPT. 


Th£  Diluvial  question  has  now  assumed  a  new  phase.  No.  72  of  the 
third  volume  of  The  Prooeeding$  of  the  Geological  Society^  contains 
abstracts  of  three  papers  by  Professor  Agassiz,  Dr.  Buckland,  and  Mr. 
Lyell,  read  since  the  commencement  of  the  present  session,  the  object 
of  which  is  to  prove  that  the  erratic  block  period  was  a  period  of 
intense  cold,  intervening  between  the  present  era  and  that  during 
which  the  large  mammals  existed  whose  remains  are  buried  in  and 
beneath  the  deposits  hitherto  called  diluvial.  It  is  supposed  by 
these  authors,  that  during  this  glacial  period  the  temperate  regipni 
of  Europe,  and  all  countries  whore  unstratified  gravel  is  found,  werp 
overspread  with  glaciers  and  sheets  of  ice,  like  those  now  existing 
in  Greenland;  that  the  Till  or  unstratilSed  boulder  clay  was  pro- 
duced by  the  trituration  of  ice  upon  the  surface  of  the  rocks ;  that 
the  rounded,  polished,  and  striated  condition  of  that  surface  waa 
caused  by  the  descent  of  the  glaciers ;  that  the  mounds  of  debris 
found  in  many  of  the  highland  valleys  of  England^  Scotland,  an4 
Ireland,  are  lateral  or  terminal  moraines  left  by  theni  in  iheiir 
retreat ;  that  the  angular  blocks  occurring  on  the  surface  of  tb^ 
rounded  materials,  were  deposited  in  their  present  position  by  tht 
melting  of  the  ice;  that  the  disappearance  of  large  bodies. of  UH 
produced  enormous  debacles  and  considcarablo  cxm^ojuh  Igr.  wliMI 
erratic  blocks  were  conveyed  on  masses  of  ioe  in  ^mgm% 
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and  by  which  the  materiab  of  the  moraines  were  rearranged  in  the 
stratified  sand  and  gravel  which  covers  the  till. 

This  theory  was  first  announced  by  M.  Agassiz  as  the  resalt  of 
the  study,  during  five  years,  of  the  glacial  phenomena  of  Switzer- 
land, by  which  he  was  led  to  the  conclusion  that  the  glaciers  of 
that  country  had  once  been^more  extensive;  that  they  did  not 
descend  from  the  summits  of  the  mountains  to  the  plains,  but  are 
the  remaining  portions  of  sheets  of  ice  which  at  one  time  over- 
spread the  flat  country.  Extending  his  observations  to  Great 
Britain  and  Ireland,  he  discovered  evidence  of  the  former  existence 
of  glaciers  in  those  countries,  and  his  observations  have  been  ex- 
tended and  confirmed  by  Dr.  Buckland  and  Mr.  Lyell. 

I  have  long  contended,  in  opposition  to  Mr.  Murchison  and  Mr. 
Lyell,  that  the  erratic  blocks  accompanying  marine  shells  in  Walesi, 
Lancashire,  Cheshire,  Shropshire,  and  Ireland,  were  not  deposited 
by  melting  icebergs  on  the  floor  of  a  sea,  which,  after  remaining 
submerged  during  a  long  course  of  ages,  was  converted  into  dry 
land  by  movements  of  elevation ;  but  that  they  were  spread  by 
marine  currents  of  extraordinary  energy  and  short  duration  over  the 
surface  of  pre-existing  land, — and  I  have  now  no  objection  to  add, 
over  land  covered  with  ice. 

Though  satisfied  of  the  facilities  afibrded  by  conveyance  on  ice 
as  a  means  of  surmounting  some  of  the  difiiculties  connected  with 
diluvial  phenomena,  I  objected  to  Mr.  Murchison'*s  hypothesis, 
because  the  conchiferous  gravel  of  the  district  before  mentioned 
afibrded  none  of  those  proofs  of  long  submergence  and  gradual 
accumulation  which  are  to  be  found  in  all  other  regular  submarine 
strata,  and  because  ice  was  just  as  necessary  for  the  transport  of 
Irish  detritus  to  Caernarvonshire,  and  of  Snowdonian  boulders  to 
the  southward  of  that  chain  over  great  surface  inequalities,  as  for 
the   conveyance  of  Cumbrian  erratics  into  Worcestershire :  if,  I 
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observed  in  an  unpublished  communication  made  last  year  to  the 
Geological  Society,  it  was  necessary  to  fringe  the  shores  of  Cum* 
berland  with  icebergs,  it  was  equally  necessary  to  freeze  over  the 
entire  surface  of  the  British  Islands. 

The  descriptions  by  Dr.  Buckland  and  Mr.  Lyell,  of  phenomena, 
which  they  attribute  to  glacial  action,  in  Scotland  and  Cumberland, 
forcibly  remind  me  of  similar  phenomena  observed  by  me  in  Walesi 
some  of  which  seem  difficult  of  explanation  by  aqueous  action:  the 
polished  rounded,  and  striated  surface  of  the  rocks, — ^the  direction 
of  the  strisD  dependent  on  that  of  the  valleys,  and  the  inclination  of 
the  surface— the  general  subterposition  of  the  till  or  boulder  clay  to 
the  stratilSed  deposits  composed  of  the  same  erratic  materials — ^the 
terraces  analogous  to  those  of  Olen  Boy,  but  less  regular  and  exten- 
sive, observable  on  the  sides  of  some  of  the  valleys — ^the  local 
character  of  the  deposits  in  the  central  parts  of  the  chain,  varying 
with  the  nature  of  the  rocks  in  each  valley — the  mounds  of  debris 
derived  from  neighbouring  precipices,  which  could  not  have  reached 
their  present  situations  without  having  passed  over  deep  lakes— ^ 
and  the  angular  blocks  sometimes  lying  on  the  surface  of  the  more 
waterwom  materials  beneath,  are  phenomena  of  conunon  occurrence 
in  North  Wales. 

At  the  same  time,  these  phenomena  are  so  intimately  connected 
on  the  northern,  eastern,  and  western  sides  of  the  Cambrian  chain^ 
with  marine  shells  and  fragments  of  rocks  derived  from  the  north- 
west, or  in  a  direction  contrary  to  that  in  which  the  great  mass  of 
the  detritus  with  which  they  are  mixed  has  descended  from  Snow^ 
donia,  as  to  render  it  difficult  to  dispense  with  irruptions  of  the  sea 
from  that  quarter  as  one  of  the  agencies  employed  in  the  rearrange^ 
ment  of  the  materials  of  the  riioraines.  The  Cumbrian  erratics^ 
abundant  on  the  northern  skirts  of  the  Welsh  mountains, 
disappear  between  St.  Asaph  and  Conwy,  and  are  replaeell  fli. 
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westgm  flanks  of  tbe  chain  by  imaller  detritus,  refbrrible  to  Anglatqr 
and  Ireland ;  while,  with  one  exception,  and  that  opposite  to  the 
mouth  of  the  Seiont,  I  could  never  discover  any  fragments  ot  the 
rocks  of  Caernarvonshire  in  Anglesey,  nor  have  any  boulders  from 
Wales  ever  been  found  in  Ireland.  In  the  few  spots  between  the 
Menai  and  Snowdonia,  where  marine  shells  are  found,  they  inva> 
riably  accompany  this  detritus  from  the  north-west,  and  though  the 
two  are  very  abundant,  over  a  small  space  on  the  northern  flank  of 
Moel  Tryfan,  and  near  its  summit,  they  appear  scarcely  to  have  had 
power  to  surmount  its  crest,  as  shells  have  never  been  found,  and 
granitic  pebbles  very  rarely,  on  its  southern  slopes  towards  Nantlle 
Valley,  where  the  detritus  is  local,  and  the  phenomena  which 
prevail  are  such  as  are  considered  indicative  of  glacial  action. 

The  magnitude  of  waves  required  to  waft  these  shells  and 
erratics  to  such  a  height  has  been  urged  as  an  objection  to  their 
having  been  drifted  over  inequalities  of  surface  like  those  repre- 
sented in  fig.  1 97,  but  if  we  suppose  it  reduced,  by  a  covering  of 
ice,  to  an  inclined  plane,  rising  about  one  in  twenty-two,  or  1392 
feet  in  six  miles,  while  the  surface  of  the  Irish  seas  was  as  much 
loaded  with  ice  as  those  of  Greenland,  waves  of  much  less  power 
than  would  otherwise  be  necessary,  produced  by  oscillations  of  the 
bed  of  the  sea,  and  accompanied  by  oscillations  of  the  land,  may 
have  driven  masses  of  ice,  some  of  them  charged  with  the  detritus 
of  Anglesey  and  Ireland,  and  with  marine  shells,  up  this  slope. 
At  the  same  time,  the  pressure  of  ice  upon  the  surface  of  a  rock 
shattered  by  frost  may  have  produced  the  layer  of  angular  debris 
interposed  between  the  shelly  sand  and  gravel  and  the  rock.  Similar 
masses  of  angular  fragments  of  the  subjacent  rock,  enveloped  in  the 
boulder  deposits,  and  often  associated*  as  in  fig.  196,  with  a  polished 
and  striated  surface,  may  be  ascribed  to  the  same  agency. 

M.  Agassi  z  does  not  expect  his  glacial  theory  at  once  to  receive 


the  general  concurrence  of  j^eologista.  Strong  evidence  has  certainly 
been  adduced  in  support  of  it ;  but  whatever  may  be  its  uUimatfl 
&te,  it  possesses  thia  merit,  that  hj  its  boldness,  its  novelty,  and  its 
ptauaibility,  it  vill  attract  more  attention  to  the  phenomena  of 
erratic  gravel  than  they  have  hitherto  received,  and  the  invetiti' 
gations  and  discussions  to  which  it  will  give  rise,  must  tend  to 
elicit  the  true  history  of  these  deposits.  It  has  already  produced 
much  animated  discussion  in  the  Geological  Society,  and  there  is 
little  danger  of  its  being  too  hastily  adopted.  Though  supported 
by  illustrious  names,  names  as  illustrious  are  ranged  on  the  opposite 
ride: 

And  many  b  banner  will  be  torn, 
And  many  a  knight  to  earth  be  bomB, 
And  many  a  nheaf  of  arrowa  spent. 
Ere  Soollsnd'i  lung  will  etom  the  Trent. 


k 


[t 

I 
I 

# 

I 


1^ 


I?. 


fc 


497 


INDEX. 


Acids  and  alkalis,  characteristic  proper- 
ties of,  63 

Actinocrinus  30-dactylus  (figure),  219 

pelvis  of,  243 

port  of  the  column,  243 

Actinolite  described,  129 

varieties  of,  129 

Adhesion  of  minerals  to  the  tongue,  89 

Admitted  facts  and  inferences  in  Geo- 
logy, 480 

Adriatic,  filling  up  of  the,  425 

nature  of  the  new  deposits,  42o 

Agassiz,   peculiarities    of  fossil    fishes 
pointed  out  by,  8 

proof  of  the  correctness  of  his  prin- 

ples  of  classification,  370 

his  glacial  theory,  491 

Agate,  a  variety  of  quartz,  122 

Aix  les  Baines,  in  Savoy,  temperature  of 
the  thermal  springs  of,  466 

Aix  la  Chapelle,  temperature  of  the  ther- 
mal springs  of,  466 

Alabaster  described,  136 

Albite  described,  123 

Aleutian  Isles,  volcanos  of  the,  447 

Alkalis,  metallic  bases  of  the,  64 

Alkalis  and  acids,  characteristic  proper- 
ties of,  63 

Alkaline  earths,  metallic  bases  of  the,  65 

Alps,  Eastern,  transition  Tertiary  group 
of,  333 

mountain  system  of  the,  470 

Western,  470 

Alumina,  action  of,  with  reagents,  117 

Aluminates,  characters  exhibited  by,  on 
a  qualitative  analysis,  112 

Aluminum  described,  67 

America,  aspect  of  the  Cretaceous  sys- 
tem in,  323 

Tertiary  strata  of,  376 

organic  remains,  377 

South,  volcanos  of,  448 

Amethyst  described,  121 

Ammonia,  detection  of,  by  reagents,  116 

Anunonites  calloviensb  (figure),  307 

Conybeari,  293 

—  nodosus,  269 

Amorphous  minerals,  73 

A mphibole,  or  hornblende,  described,  127 


Ampliibole,  varieties  of,  127 
Analysis,  chemical,  kinds  of,  72 
Ananchytes  ovatus  (figure),  326 
Ancylus  elegans  (figure),  357 
Andes,  Eastern,  metamorphic    charac- 
ter of  the  Tertiary  strata  of,  377 
Animal  life,  progressive  developement 

of,  12 
Anticlinal  and  synclinal  lines,  157 
Antimonious  acid,  action  with  reagents, 

114 
Antimony,  antimoniurets,  action  "mth 

reagents,  108, 109 
Apiocrinus  rotundus  (figure),  301 
Aqueous  origin  of  the  Secondary  and 

Tertiary  strata,  186 
Aqueous  and  igneous  rocks,  both  found 
in  the  crust  of  the  earth,  480 

now  in  course  of  formation,  480 

Arctic  regions,  change  of  climate  in,  410 
Argillaceous  schist,  its  lithological  cha- 
racters, 183 
Arran,  Isle  of,  peculiar  developement  of 

the  Carboniferous  series  in,  267 
Arsenic,  arseniates,  arsenious  acid,  ar- 
senites,    arseniurets,  action  with  re- 
agents, 108, 111 
Artesian  wells,  their  nature,  25 
conditions  essential  to  their  suc- 
cess, 25 
Asaphus  Buchii  (figure),'  209 

caudatus,  209 

Asbestiform  actinolite  described,  129 
Ashbumham  beds  described,  311 
Ashby  do  la  Zonch  coal-field,  233 
Asphaltum  described,  137 
Assay  (blowpipe),  proper  size  of,  101 
Atlantic  Ocean,  currents  of  the,  433 
Atmospheric  action  on  rocks,  416 
Atomic  weight  of  bodies,  50 
Atrypa  rotunda  (figure),  208 
Augite,  or  pyroxene,  described,  128 

its  affinity  to  hornblende,  129 

crystals  of,  produced  by  Mitscher 

licb,  129 
Australia,  carbonaceous  deposits  of,  242 

great  coral  reef  of,  442 

its  fossil  animals  difier  chiefly  in  size 

from  its  living  species,  377 

2K 
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Avantorine  described,  122 
A>'icula  inequivalvis  (figure),  293 

—  socialis,  269 

Auvergne,  erosion  of  river  channels  in, 

417 

—  extinct  volcanos  of,  362,  461 

lacustrine  formations  of,  361 

Axinus  obscoms  (figure),  268 

Baculites  Faujasii  (figure),  329 
Bagn^res,  temperature  of  the  thermal 

springs  of,  466 
Bagshot  sands,  composition  of,  369 

—  elevation  of,  369 

Bakewell,  Mr.,  notice  of  the  basalt  of  the 

Clee  Hills,  261 
Ballons  and  Boccage,  mountain  system 

of,  469 
Baltic,  elevation  of  the  shores  of  the, 

390 
Bareges,   temperature  of  the  thermal 

springs  of,  466 
Banren  Island,  one  of  Von  Buch's  craters 

of  elevation,  described,  466 
Barium  described,  66 
Barrier  coral  reefs,  442 

■  and  lagoon  islands,  indicative  of 
movements  of  elevation  and  depres- 
sion, 443 

■  —  these  movements  still  in  pro- 
gress, 446 

— »—  —  afford  an  explanation  of  the 
varying  thickness  of  the  ancient 
strata,  446 

Barwell  cave,  its  organic  remains,  386 

Baryta,  its  action  with  reagents,  117 

Basalt,  description  of,  167 

its  aqueous  origin  maintained  by 

"Werner,  167 

now  allowed  to  be  an  igneous  rock. 


168 


—  experiments  on  its  production,  166 

—  its  occurrence  in  tabular  masses 
and  in  dikes,  168 

origin  of  its  amygdaloidal  structure, 


169 


columnar  structure,  1C9 

—  its  general  distribution,  170 
its  effects  upon  sedimentary  strata, 


261 

Basaltic  hornblende  described,  128 
Bases,  metallic,  of  the  alkalis,  64 

alkaline  eartlis,  66 

Basin-shaped  structure,  explanation  of,  26 
Basin,  Tertiary,  of  the  Gironde,  362 

Hampshire,  364 

London,  354 

Lower  Styria,  3C3 

Paris,  34C 

A'ienna,  363 


Bath,  temperature  of  the  thermal  flfvriiigs 

of,  466 
Beaches,  raised,  388 
of  the  British  Isles,  391 

—  proofs  of  recent  elevation  in  many 
parts  of  the  world,  389 

'         Scandinavian  peninsula  still  rising 

390 
Beaumont,  Elie  de,  his  hypothesis  of  the 

successive  elevation  of  the  moontain 

chains  of  Europe,  41,  468 
"        his  division  of  the  whole  into  twelve 

systems,  469 
Behring*s  Straits^  current  of,  484 
Belemnites  mucronatnt  (figare)»  389 
Beliemi,  osseous  breccias  of,  386 
Bellerophon  hiulcus  (figure),  Si6 
Bermudas,  calcareous  mud  of  the,  334 
Beudant,  mode  of  conductiag  a  qualita- 
tive analysis  recommended  by,  106 
Binary  compounds,  61 
Birds,  footsteps  of,  in  the  Poikilitic  wpt- 

tern,  271 
fossil,  of  the  Wealden  fbnnatioay 

316 

Cretaceous  qrstem,  9S2 

Bismuth,  action  with  reagents,  IIS,  115^ 

116 
Bitterspar  described,  134 
Bitumen  described,  186 

varieties  of,  136 

proportion  of,  in  various  kinds  of 

coal,  221 
Blow-pipo,  various  kinds  of,  94 

—  apparatus,  94 

mode  of  using,  99 

proper  fiomc  for,  99 

size  of  the  assay,  101 

use  of  fluxes,  101 

Boccage,  mountain  system  of  the,  460 

Bohemerwald,  mountain  system  of  the, 
470 

Boliemion  ruby,  121 

topaz,  121 

Bones,  relative  durability  of  human  and 
other,  11 

Bonsdorf,  analysis  of  diallage  by,  131 

Boracic  acid,  borates,  borofiilicate8,aotion 
with  reagents,  HO 

Bore,  the,  in  the  Severn,  431 

in  tlie  Ganges,  431 

Bormida,  Tertiary  basin  of  the,  363 

Boron  described,  62 

Boulders,  or  erratic  blocks,  393 

general  direction  of  the  diluvial 

current  by  which  they  Imve  been  trans- 
ported, 395 

Breccias,  volcanic,  described,  173 

osseous,   of    tlio    Meditemnean, 

386 
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Brentford/'niimerous  remains  of  mam- 
malia found  at,  404 

Bridlington,  Tertiary  Bhella  found  at, 
374 

Bristol,  temperature  of  the  thermal 
springs  of,  466 

Bristol  Channel,  variations  in  the  height 
of  the  tides,  431 

Britany,  La  Vendue,  and  the  Bohemer- 
wald  and  Thuringerwald,  mountain 
system  of,  470 

British  Isles,  oonneoted  with  the  Con- 
tinent by  submarine  shoals,  436 

diluvial  currents,  general  direction 

of  the,  396 

— -^  extinct  animals,  1 1 

geological  sections,  908,  290,  304, 

397,  398,  309,  401,  403 

ossiferous  caverns,  884 

*—  climate  of,  at  the  close  of  the  Ter- 
tiary era,  411 

raised  beaches  of  the,  391 

•--«  strata,  examples  of  every  system 
of,  foimd  in,  190 

—  stratified  rocks,  synoptical  view  of, 
193 

— i-  submerged  forests,  412 

total  thickness  of  the  coal-fields, 

222 

turf  moors,  418 

— -^  non-fossiliferous  strata  of,  184 

British  seas,  rise  of  the  tides  in^  431 

Bromine  described,  61 

Brongniart,  Ad.,  on  the  luxuriance  of 
the  vegetation  of  the  Carboniferous 
era,  259 

Alex^  elevation  of  the  land  in  Nor- 
way, observed  by,  391 

Tertiary  strata  of  the  Paris  basin, 

investigated  by,  345 

Brora,  Oolitic  coal-field  of,  299 

Brown,  or  smoke  quarts  described, 
122 

Buckland,  Dr.,  his  diluvial  hypothesis, 
40—43 

on  the  Scriptural  account  of  the 

creation,  87 

description  of  some  sandstone  slabs 

with  impressions  of  rain-dropsy  274 

— ^-  on  the  footsteps  of  the  cheirothe- 
rium,  273 

on  the  sudden  inhumation  of  the 

organic  remains  of  the  lias,  296 

traces  of  the  Portland  dirt-bed  dis- 
covered at  Thame  by,  811 

Building  materials,  selection  of,  28 

Bunches  of  ore,  in  metallic  veins,  20 

Buxton,  temperature  of  the  thermal 
springs  of,  466 


Cadmium,  action  with  reegent%  114 
Cairngorm,  or  brown  quarts,  detoribed, 

122 
Caking  coalt^tsproportion  of  bitumen,  921 
Calamites  of  the  Carboniferons  systemt 

255 
Calamites  nodosus  (figure),  253 
Galcaire  grossier  of  the  Paris  basin,  348^ 

siliceux,  348 

Calcareous  mud  of  the  Bermudas,  334 
Calcareous  spar,  crystals  of,  78 
Calcedony,  a  variety  of  quarts,  199 
Calcium  described,  66 
Caledonian  Canal,  valley  of  the,  420 
Calvados,  mountain  system  of,  469 
Calymene  Blumenbachii  (figure),  208 
Cambrian  system,  its  subdi^ons,  196 

— types  of,  201 

slaty  cleavage,  197  , 

organic  remains,  199 

geographical  extent,  900 

—  •—  similarity  to  the  Silurian  sys* 
tern,  209 

igneous  rocks  and  metallic  veins, 

905 

—  —  section  of,  903 

Cannel  coal,  its  proportion  of  bitumen,  921 

Cantal,  extinct  vdcanos  of,  461 

Cape  Breton,  carbonaceous  deposits  of, 

242 
Carbon  described,  62 
Carbon,  carbonates,  carbonio  acid,  car* 

burets,  characters  of,  action  with  re» 

agents,  109,  110 
Carbonate  of  lime  described,  133 

—  —  magnesia,  134 
Carboniferous  deposits  in  foreign  locali- 
ties, 241 

Carboniferous  limestone  formation,  918 
— —  —  varieties,  218 

—  northern  type,  219 

— ■  —  southern  type,  219 
C^boniferous  series  in  Ireland,  240 
Carboniferous  system,  synonyms,  214 

-^  general  characters,  214 

—  thickness,  216 

geographical  distribution,  215 

-~  formations,  216 

organic  remains,  243 

number  of  species  of  extinct 

genera,  339 
climate   of   the   Carboniferous 

epoch,  265 
-»— —   origin   of    the   Carboniferous 

strata,  257 
— «  -«  igneous  rocks,  259 

mineral  veins,  262 

Cardium  Hibemicum  (figure),  249 
Carlsbad,  temperature  of  the  thermal 

springs  of,  466 
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Garne,  Mr.,  his  claasifioation  of  the  me- 
tallio  veins  of  Cornwall,  475 

Camelian,  a  variety  of  quartz,  122 

Catenipora  labyrinthica  (figure),  206 

CatUlua  Cttvieri  (figure),  329 

Cat's  eye,  a  species  of  fibrous  quartz,  de- 
scribed, 122 

Canlopteris  Phillipsi,  bark  of  (figure),  263 

Caverns,  ossiferous,  382 

in  England,  384 

Germany,  382 

Sicily,  386 

Wales,  400 

Cefh  Cave,  peculiarities  of  itsdeposiis,  400 

Celsius,  notice  of  the  elevation  of  the 
Baltic  by,  390 

Central  coal  district  of  England,  extent, 
233 

thickness,  233 

dikes  and  faults,  234 

consumption,  235 

Cent^  France,lacustrinedepositsof,  351 

—  range  of  the  extinct  volcanos 

of,  462 

Central  heat,  hypothesis  of,  applied  to 
the  explanation  of  the  cause  of  vol- 
canic action,  468 

—  —  Sir  Jolin  HerBchel's  views  re- 
specting, 473 

Cephalaspis  Lyelli  (figure),  249 
Cerithium  intermedium  (figure),  357 
Cerium,  action  with  reagents,  116, 117 
Cetacca  first  met  with  in  the  Tertiary 

series,  343 
Chagos  Islands,  coral  formations  of,  440 
Chalk  partly  composed  of  microscopic 

shells,  334 
partly  produced   by  precipitation 

from  calcareous  submarine  springs,  335 

highest  point  of,  in  England,  337 

— —  —  in  the  Alps  and  Pyrenees,  337 
■         insulated  masses  of,  in  Northern 

Germany,  337 

use  of,  as  manure,  22 

Change  of  climate  since  the  early  ages 

ofthe  world,  410,  484 
■^—  —  its  cause  unknown,  484 
Sir  John  Herschel's  hypothesis 

respecting,  484 
Changes,  repeated,  of  the  earth's  surface, 

illustrated,  142 
Characters,  chemical,  of  minerals,  93 

external,  73 

Charlesworth,  Mr.,  his  division  of  the 

crag,  367 
Cheirotherium,  footsteps  of  the  (figure), 

272 
Chemical  analysis,  kinds  of,  72 
directions  for  performing,  106, 1 19 

—  combinations,  49 


Chemical  nomenclatore,  51 

Chemical  and  mineralogical  knowledge 
essential  to  the  study  of  geology,  47 

Chert,  or  homstone,  a  variety  of  quartz, 
122 

Chiastolite  described,  139 

Chili,  carbonaceous  deposits  of,  242 

elevation  of  the  coast  by  earth- 
quakes, 459 

illustration  of  the  changes  produced 

by  the  earthquake  of  1835,  400 

China,  carbonaceous  deposits  of,  242 

Chlorides,  action  of,  with  reagents,  110 

Chlorine  described,  58 

Chlorite  described,  126 

— ^  varieties  of,  126 

— —  analysis  of,  by  Vauquelin,  127 

—  silvery,  described,  126' 
Chlorite  slate,  or  schis^  described,  127 
how  distinguishable  firom  mica 

schist,  181 

British  localities,  181 

Chromates  and  chromites,  behaviour  with 
reagents,  1 1 1 

Chromium,  oxide  of,  behaviour  with  re- 
agents, 116 

Chiysoprase,  a  variety  of  quartz,  122 

Cidaris  coronata  (figure),  307 

monilipora,  307 

Ciro,  San,  cave  of,  386 

Classification,  geological,  imperfection  of 
our  present,  194 

various  systems  of,  175 

—  Lehman's,  175 

Werner's,  175 

Conybeare's,  176 

De  la  Beche's,  177 

Clathraria  described,  314 

Clay,  use  of,  as  manure,  23 

Clay,  London,  extent  of,  354 

elevation,  359 

thickness,  369 

—  organic  remains,  35G 

Claystone  described,  124 

Cleavage  of  crystal,  78 

Clee  Hills,  coal-field,  237 

Climate,  change  of,  its  cause  unknown,  484 

Climate  of  the  Carboniferous  era,  255 

—  Diluvial  epoch,  409 

—  —  Arctic  regions,  change  in,  410 
British  Isles,  probable  change 

in,  411 

Canada,  probable  change  in,  411 

Clinkstone,  or  phonolite,  described,  124 
Clyde,  raised  estuary  deposits  of  the,  372 
CcmJ,  its  vegetable  origin,  18,  251 
Coal-fields  of  England,  227 

—  northern  district,  227 

central  district,  233 

—  —  western  district,  235 
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Coal-fields  of  England^  south-western  dis- 
trict, 237 

—  oolitic^  of  Scarborough  and  Brora, 
299 

—  formation,  221 

Coal  —  varieties  of  coal,  221 

• interstratified  argillaceous  beds, 

221 

—  —  total  thickness  in  Great  Britain, 
222 

Coalbrook-dale  coal-field,  236 
Cobalt,  blue^ glass  produced  by,  1 14 

—  precipitation  of,  118 
Colour  of  minerals,  87 
Columbates,  columbium,  behaviour  with 

reagents.  111,  115 
Combining  proportions  of  bodies,  50 
Compact  ^Ispar,  123 
Compostella,  hyacinth  of,  122 
Compound  bodies,  47»  49 
Compounds,  binary,  51 

—  ternary,  61 

Conchiferous  diluvium,  in  Ireland,  402 

-.  in  Wales,  392 

• ' — found  covering  mammalian  re- 
mains, 400 

—  —  classed  by  some  authors  with 
raised  beaches,  392, 402 

—  —  affords  no  evidence  of  slow  accu- 
mulation, 403 

Conformable  and  unconformable  posi- 
tion, 158 

Coniferseof  the  Carboniferous system,251 

Connaught  coal  district,  240 

Connecticut,  footsteps  of  birds  disco- 
vered in  the  new  red  sandstone  of,  271 

Conus  concinnus  (figure),  357 

Continents,  the  present,  once  the  bed  of 
the  sea,  481 

Contorted  lamination  of  mica  schist,  180 

Conybeare,  Mr^  his  proposed  nomencla- 
ture for  stratified  rocks,  176 

Coprolites  of  ichthyosaurus  (figure),  295 

Copper,  its  ordinary  locality,  19 

■  —  exceptions,  19 

^—  detection  of  by  reagents,  112 
Coral  animals,  depth  of  water  at  which 
they  conmience  their  building  opera- 
tions, 441 
Coral  formations,  distribution  of,  440 
isles  and  reefs  of  the  Pacific,  441 

reducible,  in  the  Pacific,  to  two  di- 
visions, 441 

-^  their  exclusive  prevalence  in  certain 
spaces,  441 

lagoon  islands,  441 

reefs,  barrier,  442 

■  circular  islands  not  found  in  the 
West  Indies,  442 

indicative  of  movements  of  depres- 
sion and  elevation,  443 


Coralline  limestones,'  must  have  been 

formed  in  water  of  moderate  depth, 

445 
Coral  rag  described,  305 
Cornwall,  metallic  veins  of,  divided  into 

classes,  475 
Corsica  and  Sardinia,  mountain  system 

of,  470 
Cdte  d*Or,  mountain  s^tem  of  the,  470 
Crag,  the  only  English  marine  formation 

of  the  Miocene  era,  367 

locality,  367 

difference  of  opinion  respecting  its 

shells,  369 
coralline  and  red,  referred  to  th9 

Miocene  period,  373 

—  Norwich,  referred  to  the  Pliocene, 
373 

Craters  of  Etna  and  Vesuvius,  451 
Craters  of  elevation.  Von  Buch*s  theory 
Of,  456 

—  —  objections  to,  by  Mr.  Lyell,  456 
Creation  of  the  world.  Dr.  Buckland'a 

interpretation  of  the  Scriptural  ac- 
count, 37 

Cretaceous  rocks,  their  greatest  height 
in  England,  337 

in  the  Alps  and  Pyrenees,  337 

Cretaceous  system,  synonyms,  321 

proofs  of  lapse  of  time  afforded 

by  this  system,  321 

oceanic  origin,  333 

geographical  extent,  335 

variations  in  its  character    in 

Northern  and  Southern  Europe,  323 

— -  —  its  aspect  in  America,  323 

subdivisions,  323 

organic  remains,  327 

intermediate  beds  between  it  and 

the  Tertiary  series,  332 

igneous  rocks  and  didocations, 

338 

Cromer  and  Mundesley,  contortions  of 
strata  near,  406 

Crust  of  the  earth,  general  obeervatUms 
on  the  materials  composing  the,  47 

description  of  its  materials,  120 

Crustaceans  of  the  Carboniferous  sys- 
tem, 247 

Lower  Oolite,  300 

Crystals,  cleavage,  78 

formation  of,  75 

isomorphism,  82 

planes  or  faces,  76 

primary  forms,  77 

secondary  forms,  77 

terms  applied  to  aggregated  groups 

of,  83 

truncation,  77 

Crystalline  strata,  sedimentary  deposits 
altered  by  heat,  481 
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Crystalline  stfaU,  {m>bable  cause  of  the 

absence  of  organic  remains,  481 
Crystalline  or  primary  limestone,  18S 

its  yarietiesy  183 

OrystallijEatien,  process  of,  ^6 
Ctenoid  fishes,  scales  of,  328 
Culm  measures  of  Deron,  210 
Cumbrian  erratics,  dispersion  of  the,  to 

the  east  and  s^th,  39ft 
Currents,  diffusion  of  sediment  by,  439 
Currents  of  the  Indian  and  Atlantic 

Oceans,  433 
Cutch,  elevation  and  depression  of  the 

land  in,  459 
Cuvier,  character  of  the  iguanodon,  10 

dUuvial  hypothesis  adopted  by,  40 

-—  on  the  relative  durability  of  human 

and  other  bones,  1 1 
his  order  of  succession  of  the  Paris 

basin  only  locally  true,  349 
recent  origin  of  man,  maintained 

by,  36 
— —  on  the  ossiferous  caverns  of  Ger* 

many,  382 
Cyathophyllum  turbinatum  (figure)^  206 
Cydoid  fishes,  scales  of,  828 
Cyj^msL  oviformis  (figure),  367 

Darwik,  Mr.,  on  the  coral  formations  of 
the  Pacific,  441 

—  —  their  varieties,  441 

—  depth  of  wa(«r  at  which  the  coral 
animios  commence  their  building  ope- 
rations, 441 

— —  recent  existence  of  now  extinct 
mammalia  in  South  America,  377 

statement  respecting  the  earth- 
quake in  Chili,  in  1835,  460 

Davy,  Sir  Humphry,  his  discovery  of 
the  alkaline  metals,  64 

•—  hypothesis  respecting  the  primary 
cause  of  volcanic  action,  467 

t>ax,  tertiary  strata  of,  362 

De  la  Beche*s  proposed  classification  of 
stratified  rocks,  177 

—  on  the  porphyritic  conglomerates 
of  the  new  red  sandstone,  280 

Delta  of  the  Ganges,  429 

—  —  Missisippi,  427 

Niger,  430 

Nile,  426 

Rhone,  in  the  Lake  of  Geneva, 

422 

— in  the  Mediterranean,  424 

Deltas  of  the  Mediterranean,  424 
De  Luc  propounds  the  Diluvial  hypothe- 
sis, 40 
Deluge,  Noochian,  formation  of  the  stra- 
tified rocks  erroneously  I'eferred  to 
the,  39 


Deluge^  NoachSan,  diluvhmi  r«gardcdsi 
a  proof  of  the,  40 

—  ^  marine  remafni  of  the  attaiified 
rocks  formerly  attributed  to  the,  3i 

no  geological  traces  of  the,  have 

yet  been  found,  44 

Denudation  of  strata,  I  GO 

Denudation,  valleys  of,  421 

Deposits  forming  the  cmai  of  the  etrtli, 
solutions  of  continuity  in  the  scfieB 
of,  147 

modem,  on  the  coast  of  Syria,  41$ 

freshwater  and  marine,  altematioos 

of,  in  the  Paris  basin,  348         , 

Derbyshire  coal-field,  231 

Determinate  order  of  auooo— ion  of  tlrft- 
tifiedrocln,480 

Detritus' deposited  on  the  Umd,  421 

lacuskine  deposite,  422 

valley  depositB,  422 

Detritus  deposited  in  the  aea,  428 

Detritus  deposited  in  the  d^ta  of  the 
Ganges,  429 

Missisippi,  427 

Niger,  430 

NUe,  426 

— ^  —  Rhone,  in  Lake  of  Genera,  422 

Rhone  in  Mediterranean,  414 

Devonian  system,  proposed  as  the  name 
of  the  ciUm  measures  of  Devon,  IM, 
210 

Devonshire,  slate  rocks  of,  controversy 
respecting,  209 

Diallage  described,  130 

analysis  of,  by  Bonsdorf,  131 

Diamond,  ordinary  locality  of  th^  18 

Diffusion  of  sediment  by  currents,  489 

Diluvial  epoch,  climate  of  the,  400 

gravel  erroneously  referred  to  the 

Koachian  deluge,  40 

^ hypothesis  proposed  by  De  Luc,  40 

— adopted  by  Cuvier,  Buckland,  and 
others,  40 — abandoned,  41 — 43 

general  direction  of  the  currents  in 

the  British  Isles,  395 

Diluvium,  deposits  so  called  not  all  con- 
temporaneous, 41 

no  proof  of  their  formation  with- 
in the  historic  period,  44 

deposits  properly  included  under 

the  term,  393 

investigation  of  the  phenomena  of. 


too  much  neglected,  404 
—  lacustrine  and  marine  deposits  of^en 
confounded  with,  41 
marine  shells  in,  396 


Diluvium,  conchiferous,  in  Ireland,  392, 

402 
erroneously  styled  raised  beaches, 

392,  403 
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Diluviam,  conchiferous,  iii  Wales,  '692, 

402 
mammalian  remains  covered  by, 

400 
Dinotheriiim  described,  36d 
Dip  or  inclination  of  strata,  156 
a  point  of  importance  in  road-mak- 
ing, 28 
Dirt-bed  of  the  Portland  oolite,  309 
Discoveries  of  geology  not  opposed  to 

revealed  religion,  33 
Distilled  water,   mode  of  preparation, 

104 
Distribution  of  mammalian  remains  in 

tertiary  and  superficial  accumulations, 

379 
Disturbances  of  strata  by  tlio  intrusion 

of  igneous  rocks,  281,  321,  338 
Dogger  bank,  its  extent,  438 
Dolomite  described,  136 
Donati,  his  observations  on  the  deposits 

of  the  Adriatic,  426 
Double  refraction  of  minerals,  88 
Downs,  North  and  South,  described,  336 
Drift,  Northern,  383.    See  Diluvium. 
Drift  timber  of  the  Missisippi,  428 
Dunwich,  destruction  of  the  greater  part 

of,  by  the  sea,  436 
Durability  of  different  kinds  of  stone,  29 
Durham  coal-field,  227 

Earth,  crust  of  the,  composed  of  both 
igneous  and  aqueous  rocks,  400 

its  materials  arranged  in  a  deter^ 

minate  order,  480 

igneous  origin  of  the  unstratified 

rocks,  481 

-^—  granite  more  receiit  than  the  strata 
it  traverses,  481 

— ^  crystalline  strata,  sedimentary  de- 
posits attended  by  heat,  481 

our  present   continents   once  the 

bed  of  tJie  sea,  481 

— —  succession  of  organic  forms,  482 

lapse  of  time,  482 

*—  elevation  of  land,  483 

— -«  —  at  successive  epochs,  483 

—  probably  by  sudden  convulsions, 


483 


internal  heat,  483 
change  of  climate,  484 
—  its  cause  unknown,  404 
gradual  passage  from  the  past  to 


the  present  state  of  the,  486 
recent  origin  of  man,  486 


Earth,  loose  covering  of  thoy^disregarded 
in  geological  maps  and  sections,  161 

hypothesis  respecting,  179 

Earth,  structure  of  the,  how  laid  open  to 
the  depth  of  many  miles^  149      . 


Earth,  surface  of  the,  repeated  changes 

of,  illustrated,  142 
Earth,  temperature  of  the  interior  of 

the,  467,  468,  472 
probable  dependence  of  metallic 

veins  on,  474 

secular  refrigeration,  theory  of,  477 

Earthquakes   connected  with  volcanic 

action,  467 

primary  cause  of,  unknown,  467 

change  of  leVel  caused  by,  469 

rate  of  the  undulatory  movement, 

469 
Earths,  relative  abundance  of  the,  70 
— —  alkaline,  metallic  bases  of  the,  65   • 

non-alkfliine,  67 

Earthy  bitumen  described,  136 

chlorite,  126 

Eastern  Alps,  Tertiary  transition  beds, 

333 
Economical  Geology,  l^luseum  of,  21 
Edentata  of  extinct   species  found  in 

South  America,  377 
Eifel,  extinct  Volcanos  of  the,  460 
Eisenkrest  described,  122 
Elastic  bitumen  described,  137 
Elasticity  of  minerals,  86 
Electric  properties  of  minerals,  89 
Electro-chemical  action,  metallic  veins 

probably  produced  by,  476 
Electrum,  behaviour  with  reagents,  113 
Elevation,  valleys  of,  420 
recent,  proofs  of,  in  many  parts  of 

the  worid,  389 
Encrinites  moniliformis  (figure),  260 
Endogenites  described,  314 
England,  Cambrian    system,   range  of 

the,  in,  200 
— -^  Carboniferous  system,  range  of  the, 

222 

chalk,  highest  pomt  of  the,  387 

changes  of  the  earth's  surface  illus- 
trated by  supposed  ease  of  Roman  and 

other  remains  in,  142 

coal-fields,  227 

course  of  the  diluvial  currents,  306 

crag,  the  only  Miocene  fbrmatioiii 
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Cretaceous  ^ystem,range  of  the, 386 
eocene  strata,  range  of  the,  364 
erratic  block  group,  407 
extinet  animals,  1 1 
geological  sections,  203,  290 
mbdeHi  group,  407 
muBchelkalk  not  found  in,  264 
Oolitic  system,  range  of,  290 
Penine  chain,  162 
Silurian  system,  range  of,  211    - 
stratified  rocks,  synopsis  of,  193 
^submerged  foists,  412       . 
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England,  iemperatnre  of  the  thermal 

springs,  466 
— —  turf  moors  and  peat  bogs,  413 

—  types  of  the  Oolitic  system  appli- 
cable to  most  of  the  North  of  Europe, 
288 

— —  waste  of  the  coast  by  the  sea,  435 

—  North  of,  mountain  system  of,  469 

—  South,  synoptical  view  of  the  Oolitic 
system  in,  289 

—  South-East,  diluvial  deposits  of,  403 
— — >  remains  of  mammalia  in,  404 
English  coast,  variations  of  the  tides 

along  the,  432 

■  order  of  succession  of  strata  appli- 
cable to  the  rest  of  Europe,  191 

Enniskillen,  Lord,  bone  of  a  natatorial 
bird,  procured  by,  from  the  chalk, 
316 

Eocene  strata,  explanation  of  the  term, 
345 

-^—  of  the  Paris  basin,  345 

—  —  formations,  346 

—  —  fossil  contents,  347 

—  —  subdivisions,  347 

— —  —  Cuvier*8  order  of  succession  only 
locally  true,  349 

—  of  England,  354 

—  —  BagBhot  sands,  359 
— —  —  Hampshire  basin,  354 
*—  —  London  basin,  354 

—  —  London  clay,  354 
— ^  in  France,  345 

Equatorial  current,  course  of  the,  433 
Equivalent  or  atomic  weight  of  bodies, 

50 
Erosion  of  river  channels  in  America, 

417 

—  —  Auvergne,  417 

Erratic  Block  group,  in  England,  sepa- 
rates the  Tertiary  from  the  Modem 
group,  407.     See  Diluvium. 

Erzgebirge,  mountain  system  of  the,  4/0 

Estuaries,  424 

silted  up,  437 

Etna  and  Vesuvius,  craters  of,  451 

Euomphilus  pentagonalis  (figure),  249 

Excavation  of  valleys,  the  result  of  se- 
veral independent  causes,  420 

Exhalations,  gaseous,  indicative  of  dor- 
mant volcanic  energy,  449 

-— —  ordinarily  emitted  by  active  vol- 
canos,  464 

Existing  and  extinct  organic  bodies  part 
of  one  great  chain  of  being,  16 

Experiments  on  the  decomposition  of 
vegetable  tissue,  256 

—  —  formation  of  basalt  and  crystal- 
line rocks,  165 

—  —  red  marl^  286 


Experiments  on  the  minenfcliniHnin  of 
organic  bodies,  341 

—  prodoction  of  artificial  crystals, 

166 

prodoction  of  metallic  TdnSy  475 

Explanation  of  terms,  156 

Extinct  animals  of  Britain,  1 1 

Extinct  genera,  number  and  proportion 
of  species  belonging  to,  in  the  Cam- 
brian and  Silurian  systemsi,  339 

—  Carboniferous  system,  339 

—  —  Cretaceous  system,  339 

Oolitic  system,  339 

-^—  —  Poikilitic  system,  339 

Extinct  mammalia  found  in  South  Ame- 

erica,  377 

•—  their  comparatively  recent  exist- 
ence considered  probable,  377 

Extinct  species  of  shells  in  the  various 
members  of  the  Tertiary  series,  345 

Extinct  and  active  volcanos,  difficulty  of 
defining  the  limits  of,  446 

Faces  of  a  cr3rstal,  76^ 
Faluns  of  the  Loire,  361 

their  mammalian  renuuns,  362 

Faults  in  strata,  161 

Faxoe,  beds  of,  constitute  a  transition 

from  the  Secondary  to  the  Tertiaty 

series,  332 
Felspar  described,  122 

—  varieties  of,  123 

porphyry,  171 

Fens  of  Lincolnshire,  437 

Ferns  of  the  Carboniferous  system,  251 

Ferruginous  quartz,  or  Eisenkrest,  de- 
scribed, 122 

Fibrous  gypsum  described,  136 

quartz,  122 

Filtering  paper,  104 

Filtration,  103 

Fire  damp,  229 

Fishes  of  the  Carboniferous  system,  pe- 
culiar structure  of  the,  248 

Cretaceous  system,  328 

Oolitic  system,  295,  300 

Tertiary  series,  343 

Fitton,  Dr.,  on  the  Wwdden  formation, 
311 

traces  of  the  Portland  dirt-bed 

discovered  in  France  by,  31 1 

Flexibility  and  elasticity  of  minerals, 
88 

Flint,  a  variety  of  quartz,  122 

Flinty  slate,  a  variety  of  quartz,  122 

Flora  of  the  Poikilitic  system,  268 

Floras,  four  distinct  fossil,  8,  248 

Flying  Reed,  the,  234 

Footsteps  of  birds  in  the  Poikilitic 
s}'stem,  271 
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FooUiepe  ascribed  to  marsupial  animals, 
271 

of  tortoises  in  Scotland,  268 

Forchammer,  Dr.,  his  hypothesis  as  to 
the  formation  of  magnesian  limestone, 
285 

Forest  beneath  diluyium,di8coveryof,405 

Forest  of  Dean  coal-field,  238 

Forests,  submerged,  412,  413 

ForfSArshire,  post-tertiary  lacustrine  de- 
posits of,  41 1 

Form  of  minerals,  73 

Formation,  Carboniferous  limestone^  218 

coal,  221 

lias,  291 

Lower  Cambrian,  or  Snowdonian, 

201 

— —  —  section  of,  203 

chalk,  324 

greensand,  324 

— —  old  red  sandstone,  217 

—  Oolite,  lower,  297 
middle,  306 

—  —  upper,  306 

Upper  Cumbrian,  or  Plynlymmon, 

202 

section  of,  203 

Wealden,311 

FossUelkof  Ireland,  11 
fishes,  scales  of,  328 

—  vegetables,  four  distinct  groups  of, 
8,248 

Fossils,  anomalous  mixture  of,  in  the 
South  of  Europe,  320 

— — -  of  the  Tertiary  series,  their  near  ap- 
proach to  existing  species,  343 

Fossiliferous  strata,  general  description 
of,  188 

—  —  variations  of  mineral  character 
in  the  same  plane,  1 50 

-»  mineralogical  classification  in- 
applicable to,  154 

—  —  can  only  be  classed  according 
to  their  organic  remains,  155 

Fox,  Mr.,  his  experiments  on  the  forma- 
tion of  metallic  veins,  475 
Fracture  of  minerals,  83 
France,  carbonaceous  deposits  of,  241 
-~—  Poikilitic  formations  in,  265 

—  formations  of  the  Paris  basin,  345 

—  growth  of  land  on  the  southern 
coast  of,  425 

— —  height  of  the  tide  on  the  western 

coast  of,  431 
— —  Central,  erosion  of  river  channels 

in,  417 

—  —  lacustrine  deposits  of,  351 

— —  •—  range  of  the  extinct  volcanos  of, 

462 
Frangibility  of  minerals,  85 


Freshwater  fbrmation  of  the  Paris  basin, 
349 

Isle  of  Wight,  359 

Fluor  spar,  crystallization  of,  78 
Fluorides,  behaviour  with  reagents,  1 10 
Fluorine  described,  59 
Fluxes,  object  of  their  employment,  101 
the  most  useful  in  blowpipe  opera- 
tions, 102 
Fusus  contrarius  (figure),  368 

Galerites  albogalerus  (figure),  326 

depressus,  307 

Granges,  height  of  the  tidal  wave  in  the 
Hoogly  branch,  431 

delta  of  the,  429 

changes  in  the  channel  of  the  river, 

429 

extent,  429 

rapid  increase  of  the  land,  429,  430 

the  Sunderbunds,  430 

Ganoid  fishes,  scales  of,  328 

Garnet  described,  140 

produced  in  shale  and  limestone 

by  contact  of  igneous  rocks,  140 

Gases,  the,  description  of,  57 

Gaseous  exhalations,  incUcative  of  dor- 
mant volcanic  energy,  449 

ordinarily  emitted  by  active  vol- 
canos, 464 

Genera,  extinct,  number  and  proportion 
of  species  belonging  to,  in  the  Cam- 
brian and  Silurian  systems,  339 

—  —  Carboniferous  system,  339 
—  Cretaceous  system,  339 

—  —  Oolitic  system,  339 
-^—  —  Poikilitic  system,  339 
Geneva,  Lake  of,  deltaof  the  Rhone  in, 422 
Geographical  extent  of  Cambrian  system, 

200 

—  —  Carboniferous  rocks  in  Britain, 
222 

—  Carboniferous  system,  215 

Cretaceous  system,  335 

Non-fossiliferous  strata,  184 

—  Oolitic  system,  319 

Poikilitic  system,  275 

Silurian  system,  211 

Tertiary  series,  345,  354,  361, 

367,  375,  376 

Geological  epochs  not  as  yet  reducible 
to  absolute  time,  147 

Geological  maps  and  sections,  how  con- 
structed, 150 

Geological  sections  at  Aberdaron  Bay, 
398 

—  —  Criccieth  castle,  399 

vale  of  Clwyd,  401 

from  the  Menai  to  Hoel 

397 
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Geologicftl  Motions  of  the  Oolitio  syBtem 
in  England,  290 

—  —  from  the  Menai  to  the  English 
border,  203 

from  Cumberland  to  the  coast 

of  Durham,  203 

at  Talargooh  Mine,  402 

*  —  of  diluYium   at    Tjm  y  Fridd 

quarry,  394 

Geologist,  varions  acquirements  requi- 
site for  the,  1 

*•  his  pleasures  and  advantages,  SO 

Geology,  the  ancient  natural  history  of 
the  earth,  141 

— —  knowledge  of)  how  best  acquired, 
141 

^^-^diYision  into  practical  and  theo- 
retical, 141 

■        its  connexion  with  other  sciences,  1 

■■■     ■  a  science  of  observation,  9 

helps  to  its  study,  3 

——  its  adaptation  to  popular  study,  8 

—  compared  with  astronomy,  4 

••— —  fbnushes  prooft  of  oi^ganic  changes, 

i-7 

—  exliibits  no  indefinite  succession  of 
phenomena,  13 

~—  discoveries  of,  not  opposed  to  Reve- 
lation, 83 

•  objections  to  the  study  of,  refuted,  33 

-— —  chemical  and  mlneralogical  know- 
ledge essential  to  the  study  of,  47 

prospects  of  a  mathematical  basis 

for,  477 

summary  of  admitted  facts  and 

iufereuces,  480 

practical  application  of,  17 

— ^  —  to  mining,  18 

^—  —  to  agriculture,  21 

to  road-making,  26 

to  selection  of  building  mate- 
rials, 29 

uses  of,  as  an  exercise  for  the  mind 

and  body,  29,  30 

suited  to  every  capacity,  32 

value  of  even  limited  observation 


in,  33 


Germany,  carbonaceous  deposits,  241 

—  extinct  volcanos,  460 

insulated  masses  of  chalk  in,  337 

-— »-  mountain  systems,  469,  470 

—  ossiferous  caverns,  382 

-' peculiarities  of  the  Poikilitic  s}'b- 

tem,  264 

I  presumed  footsteps  of  marsupial 
animals  found  in  the  new  red  sand- 
stone, 272 

Gervillia  acuta  (figure),  301 

Oeysers  of  Iceland,  description  of  the, 
465 


GHa&t*8  Causeway,  stmcture  of  the  to* 

lumns  of  the,  153 
Gibraltar,  current  of  the  Straits  of,  433 
Girard,  M.,  his  hypothesis   respecting 

the  Isthmus  of  Sues,  486 
Gironde,  basin  of  the,  its  Tertiary  strata, 

369 
Glassy  actinolite  described,  ISO 
Glen  Roy,  parallel  roads  of,  419 
Globe,  high  antiquity  of  the,  data  bjr 

wliich  it    is   proved,  147>  810,  891, 

482 
*-— >  central  heat  of,  api^ed  to  the  ex- 
planation of   the  cause  of   volcanic 

action  and  earthquakes,  468 
Glucina  described,  70 

detection  of  by  reagents,  117 

Gneiss,  distinctive  charactms  of,  179 
alternation  of,  with  other  primary 

strata,  181 
Ch>ld,  oi^inary  locality  of,  18 

detection  of  by  reagents,  112,  115 

Goniatites  sphericus  (figure),  940 
Goppert,  Professor,  lus  experiments  on 

tiie  nUneraliaation  of  oiiganio  bodies^ 

341 
Grraah  and  Fingel,  their  obserrations  on 

the  subsidence  of  the  land  in  Green- 
land, 391 
Graham  Island,  its  rise  from  the  sea, 

455 

disappearance  of,  465 

structure  of,  1 73 

Granite,  its  composition,  163 

texture,  163 

colour,  164 

position,  164 

beds  and  veins,  164 

controversy  respecting  its  origin, 

165 
^— now  acknowledged  as  an  igneous 

rock,  165 
'  more  recent   than    the   strata    it 

pierces,  481 
unfitness    of    some    varieties    for 

building  materials,  29 
Graphic  granite  described,  163 
Great  Britain,  connected  with  the  Con- 
tinent by  submarine  shoals,  438 
—  examples  of  every  kind  of  strata 

furnished  by,  190 
stratified  rocks,  synoptical  view 

of,  193 

—  non-fossiliferous  strata  of,  184 


Green  earth  described,  127 

analysis  of,  by  Vauquelin,  197 

Greensand  foinnation  described,  324 
Ghreenstone,  components  of,  108 

how  distinguished    from    syenite, 

166 
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Gr«6n<mg)i,  Mr.,  names  propoied  by 
him  for  the  DeTonshire  culm  measures, 
210 

Greenland,  aabsidenoe  of  the  land  in,  801 

Grenada,  strata  resembling  the  Sub- 
apennine  maris,  found  near,  376 

Gryphflsa  dilatata  (figure),  307 

—  incurva,  293 
Tirgula,307 

Guadaloupe,  human  skeletons  imbedded 

in  solid  rock  at,  415 

volcanic  vent  in,  448 

Gulf  stream,  course  of  the,  434 
Gypsum  of  the  Poikilitic  system,  870 
compact,  or  alabaster,   described, 

136 

crystallized,  or  selenite,  135 

— ^  fibrous,  136 

Hall,  Sir  James,  his  experiments  on 
the  production  of  crystalline  rocks  by 
heat  and  pressure,  165 

Uamites  armatus  (figure),  329 

Hampshire  basin,  formations  of  the,  354 

Hardness,  an  external  character  of  mi- 
nerals, 85 

Hastings  sand  described,  312 

Haiiy,  his  investigation  of  the^forms  of 
crystals,  81 

Heat,  internal,  of  the  earth,  an  admitted 
fact  of  geology,  484 

hypothesis  respecting,  468, 473 

—  —  Leibnits*s  theory  of  seonlar 
refrigeration,  477 

Height  of  the  bore  or  tidal  wave  in  the 
Hoogly,  431 

—  Severn,  431 

Heliotrope,  a  variety  of  quarts,  122 

Henderson's  Island,  coral  reef  of,  443 

Henslow,  Professor,  on  vegetable faesils,8 

Herschel,  on  variation  of  internal  tem- 
perature of  the  earth  from  the  accu- 
mulation of  sedimentary  deposits,  473 

on  astronomical  causes  capable  of 

producing  a  change  of  climate,  484 

Heworth  £ind,  splitting  of  the  High 
Main  coal  by  the,  228 

Hippurite  and  nummulite  limestones  of 
Southern  Europe,  327 

Hisenger,  analysis  of  serpentine  by,  132 

Hitchcock,  Professor,  on  the  footsteps 
of  birds  in  the  new  red  sandstone  of 
Connecticut,  271 

Hofiman,  hb  views  respecting  the  con- 
nection of  the  Poikilitic  and  Carboni- 
ferous strata,  267 

Holland,  the  sea  rapidly  gaining  upon 
the  coast  of,  438 

Hoogly,  height  of  the  tidal  wave  in  the, 
431 


Homblttide,  or  amphibc^e,  described, 
127 

varieties  of,  127 

Hornblende  slate,  or  schist,  described, 
128 

Dr.  M'CuUoch's  definition  of,  182 

composition,  182 

—  passes  into  argillaceous  schist, 

182 

Homstone,  or  chert,  a  variety  of  quartz, 
122 

Human  era,  uncertainty  of  the  point  in 
the  geological  scale  at  which  it  com- 
mences, 409 

remains  confined  to  superficial  ac- 
cumulations, 5, 11 

skeletons  imbedded  in  solid  rock 

at  Guadaloupe,  415 

Humboldt,  Baron,  his  account  of  the 
appearance  of  the  volcano  of  Jomllo, 
453 

his  definition  of  voloanic  action,  406 

Hundstruck, mountain  system  of  the,469 

Hungary,  volcanos  of,  462 

Hutton,  his  theory  respecting  the  origin 
of  the  unstratified  rocks  and  the  pri- 
mary strata,  186 

Hyacinth  of  Compostella,  122 

Hydrargurets,  behaviour  of,  with  re- 
agents, 108 

Hydrates,  behaviour  of,  with  reagents, 

107 
Hydrogen  described,  57 
Hydrogen  gas,  sulphuretted,  mode  of 

preparation,  105 
Hyluoosaurus  described,  316 
Hypersthene  described,  130 
Hypersthene  rock,  166 

Iceland,  descripition  of  the  geysers  of, 

465 

volcanos  of,  448 

Ichthyosaurus  described,  296 

communis  (figure),  293 

coprolites  of,  295 

Igneous  rocks  of  the  Oambriaa  system^ 

205 

Carboniferous  system,  259 

Cretaceous  system,  838 

—  Oolitic  system,  321 

—  Poikilitic  system,  280 

Silurian  system,  212 

Igneous  and  aqueous  rocks,  both  found 

in  the  crust  of  the  earth,  480 

now  in  cCurse  of  formation,  480 

Iguauodon  described,  314 

teeth  of  (figure),  315 

India,  carbonaceous  deposits  of,  242 

tertiary  strata  of,  377 

fossil  animals  of,  877 
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Indian  Ocean,  currents  of  tlie,  433] 

Indurated  talc,  described,  126 

Inkpen  Beacon,  highest  point  of  the 
chalk  in  England,  337 

Inoceramus,  or  Catillus,  Cuvieri  (figure), 
329 

sulcatus,  329 

Inorganic  world,  changes  in  the,  13 

Intelligence,  Supreme,  extinct  and  ex- 
isting organic  bodies,  alike  the  pro- 
duction of  one,  16 

Internal  heat  of  the  globe,  467,  468,  472 

—  —  an  admitted  fact  in  geology,  484 
Iodides,  behaviour  of,  with  reagents,  110 
Iodine  described,  61 

Ireland,  carboniferous  series  in,  240 

—  conchiferous  diluvium  of,  402 
fossil  elk  of,  1 1 

■  iri'egular  outline  of  its  western 
coast  produced  by  the  action  of  the 
sea,  436 

■  peat  bogs,  their  extent,  413 

■  submerged  forests,  412 

Iridium  in  solution,  characters  exhibited 

by,  115 
Irisated  quartz  described,  122 
Iron,  ordinary  locality  of,  18 

behaviour  with  reagents,  112,  115 

melting  point  of,  467 

specular,  described,  137 

Iron,  oxide  of,  described,  137 

—  —  varieties  of,  137 

protosulphuret  of,  mode  of  prepa- 
ration, 105 

■  pyrites  described,  138 

—  sulphuret  of,  138 
Iron  glance,  described,  137 

■  micaceous,  138 

—  volcanic,  137 

Isle  of  Wight,  freshwaVer  Tertiary  for- 
mations of,  359 

—  —  marine  Tertiary  formation,  360 
Isomorphism  of  crystals,  82 

Italy,  character  of  the  deposits  in  the 
Adriatic,  425 

—  hippurite  and  nummulite  lime- 
stones, 327 

—  peculiar  character  of  the  fossils  of 
the  Oolitic  period  in,  320 

— ^  proofs  of  the  elevation  and  subsi- 
dence of  the  land  in  tlie  south,  389 

—  Subapeunine  marls,  374 
— —  volcanos,  449,  451 

Jan  Ma  yen's  Land,  volcanos  of,  448 

Jasper  described,  122 

Japanese  group,  volcanos  of  the,  447 

Java,  volcanos  of,  447 

John,  analysis  of  serpentine  by,  132 

JoruUo,  eruption  of,  453 


Jura,  Poikilitic  formation  in  the,  278 

Kamschatka,  volcimos  of,  447 

Kaup,  Dr.,  discovery  of  footsteps  of  the 

cheirotherium  by,  272 
Kilkenny  coal,  its  quality,  240 
Killas,  upper  and  lower,  terms  proposed 

by  Mr.  Greenough  for  the  Devonian 

and  Cambrian  systems  of  Sedgwick 

and  Murchison,  210 
Kimmeridge  clay,  described,  306 
Kirkdale  Cave,  description  of,  384 

its  fossil  remains,  385 

Klaproth,  analysis  of  conunon  felspar  by, 

123 

—  mica,  125 

hornblende,  128 

steatite,  131 

Kurile  Isles,  volcanos  of  the,  447 

Labradorite,  or"  opalescent  felpsar, 
described,  1^ 

Laccadiva  Islands,  coral  formations  of 
the,  440 

Lacustrine  deposits  of  Central  Francet 
351 

afford  proofii  of  slow  aocmnnla- 

tion,  353 

—  contain  Tertiary  strata  resem- 
bling Secondary  rocks,  353 

Lacustrine  and  marine  deposits  eon- 
founded  with  diluvium,  41 

Lagoon  islands,  formation  of,  441 

Lagoon  and  barrier  reefs  indicate  move- 
ments of  depression  and  elevation, 
443 

Lagullas  current,  course  of  the,  433 

Lamarck,  his  hypothesis  of  the  transmu- 
tation of  species,  12 

Lamination,  oblique,  of  various  rocks,  its 
probable  cause,  281 

Leoicashire,  South,  coal-field,  232 

Land,  elevation  of,  proofs  of,  in  various 
parts  of  the  world,  389 

occurred  at  successive  epochs, 

483 

Land,  erosive  action  of  the  sea  upon, 
438 

Lantanium,  a  new  metal,  48 

Lapse  of  time  occupied  by  the  formation 
of  the  stratified  rocks,  311,321,  353, 
482 

Lavas,  Scrope's  classification  of,  172 

Lead,  chief  depository  of,  in  England,  18 

behaviour  of,  with  reagents,    116, 

117 

Lehman,  his  arrangement  of  stratified 
rocks,  175 

Leibnitz,  his  hypothesis  of  secular  refri- 
geration of  the  earth,  477 
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Leimier  coal  district,  839 
Lepidodendra  of  the  Carboniferous  sys- 
tem, 252 
Lepidodendron  selaginoides  (figure),  263 
Leptsena  lata  (figure),  206 

transversiEdis  (figure),  206 

Lewes  levels,  strata  of  the,  437 
Lias  formation,  291 

—  subdivisions,  291 
range,  291 

^^  great  outlier  in  Shropshire,  292 

organic  remains,  292 

their  sudden  inhumation,  296 

Lignite  sparingly  found  in  England,  but 

abundant  on  the  Continent,  19 
Lime,  detection  of,  by  reagents,  118 

—  carbonate  of,  described,  133 
sulphate  of,  135 

Limestones,  coralline,  must  have  been 
formed  in  water  of  little  depth,  445 

hippurite  and  nummulite,  of  South- 
ern Europe,  327 

Limnea  fusiformis  (figure),  357 

Lincolnshire  fens,  437 

Lines,  anticlinal  and  synclinal,  157 

Lindley,  Professor,his  experiments  on  the 
decomposition  of  vegetable  tissue,  256 

Liquid  gases,  hypothesis  of  the  expan- 
sion of,  as  a  cause  of  volcanic  action, 
472 

Lisbon,  earthquake  of,  458 

'         —  extent  of  the  shocks,  459 

rate  of  the  undulatory  ^move- 
ment, 459 

Lithia,  detection  of,  by  reagents,  116 

Lithium  described,  65 

Loire,  fiduns  of  the,  361 

mammalian  remains,  36"^ 

London  basin,  354 

London  ckiy,  354 

elevation  of,  359 

thickness,  359 

organic  remains,  359 

Loose  covering  of  the  earth,  hypotheses 

.    respecting,  179.    See  Diluvium. 

— -—  disregarded  in  geological  sections, 
151 

Lustre,  an  external  character  of  minerals^ 
86 

Luzon,  volcanos  of,  447 

Lydian  stone,  a  variety  of  quartz,  122 

Lyell,  Mr.,  his  discovery  of  a  forest  be- 
neath diluvium,  405 

divisions  and  nomenclature  of  the 

Tertiary  strata,  345 

on  the  age  of  the  depositt  of  the 

Styrian  basin,  364 

—  on  the  newer  Pliocene  strata  of  Si- 
cily, 376 

—  on  the  Noachian  deluge,  44 


Lyell,  Mr.,  on  the  rising  of  the  shores  of 
theJBaltic,  391 

opposed  to  Von  Buch*    theory  of 

craters  of  elevation,  457 

remark  on  the  absence  of  human 

remains  from  the  older  strata,  1 1 

remarks  on  the  shells  of  thecrag,369 

his  hypothesis  on  the  cause  of  vol- 
canic action,  472 

M'CuLLOCH,  Dr.,  his  description  of  com- 
pact felspar,  123 

quartz  rock,  182 

definition  of  hornblende  schist,  182 

— —  varieties  of  serpentine  enumerated 
by,  167 

Macraukenia,  an  extinct  mammal  found 
in  South  America,  377 

Maestricht,  beds  of,  their  intermediate 
character,  332 

Magnesia,  detection  of,  by  reagents,  118 

Magnesian  conglomerate,  the  lowest  de- 
posit in  which  reptiles  have  been  found 
in  Britain,  ,268 

Magnesian  limestone  described,  135 

formation,  265 

hypothesis  of  Dr.  Forchammer 

respecting  its  formation,  285 

Magnesium  described,  67 

Magnetic  properties  of  minerals,  89 

Maldiva  Islands,  coral  reels  of  the,  440 

Mammalia,  recent  origin  of,  9 

extinct,  found  in  South  America,  377 

opinion  as  to  their  recent  exist- 
ence, 377 

Mammalian  remains,  distribution  of,  in 
tertiary  and  superficial  accimiulations, 
379 

Man,  recent  origin  of,  1 1 

^fanchester  coal-field,  232 

Manganese,  detection  of,  byreagents,114 

Mantell,  Dr.,  his  collection  of  Wealden 
fossils,  316 

on  the  fossil  fishes  of  the  chalk,  331 

proportions  of  the  iguanodon,  how 

determined  by,  315 

wading    birds  discovered   in  the 

Wealden  by,  316 

Manures,  mineral,  22 

Maninon,  distance  to  whicn  its  detritus  is 
carried,  440 

Marine  remains,  early  controversy  as  to 
their  origin,  39 

erroneously  taken  'as  proofii  of 

the  Noachian  deluge,  39 

Marine   and   lacustrine   depotiti 
founded  with  dilnyimiiy  41 

Marls,  Subi^ieniiiiM^  thrir 
characters,  374 

thickness  al  FMM^IKi 
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Maris,  Subapennine,  proofs  of  volcanic 
eruptions  during  their  formation, 
374 

strata  of  similar  character  found  in 

Spain  and  the  Morea,  375 

Marsupialia,  first  found  in  the  lower 
Oolite  formation,  304 

Marsupial  animals,  footsteps  ascribed  to, 
occur  in  the  Poikilitic  system,  271  - 

Marsupites  omatus  (figure),  326    , 

Massive  chlorite  described,  136 

hornblende,  127 

talc,  126 

Materials  of  the  crust  of  the  earth  ar- 
ranged in  determinate  order,  430 

Mathematical  basis  for  geology,  pro- 
spects of  a,  477 

Matlock,  temperature  of  the  thermal 
springs  of,  466 

^f  atter,  various  forms  of,  48 

Mayence,  tertiary  strata  of,  865 

— ~  organic  remains  of,  366 

Mediterranean,  deltas  of  the,  424 

■  osseous  breccias,  386 

Megalosaurus  described,  303 

•  tooth  of  (figure),  303 

Megatherium,  an  extinct  mammal  found 
in  South  America,  377 

Melanopsis  carinata  (figure),  357 

Mercury,  detection  of  by  reagents,  115 

Metallic  bases  of  the  alkalis,  64 

■         —  alkaline  earths,  65 

Metallic  veins  not  equally  productive  in 
all  parts  of  their  course,  20 

their  productiveness  dependent 

on  the  nature  of  the  containing  rocks, 
263 

rare  in  tlie  Poikilitic  rocks  of 

England,  270 

connected  in  their  origin  with 

internal  heat,  474 

— —  —  rich  in  proportion  to  their  proxi- 
mity to  igneous  rocks,  475 

—  probably  filled  by  olecti*o-che- 


mical  action,  475 
Metals,  list  of,  49 

characterijitics  of,  40 

Mexico,  volcanos  of,  448 

Mica  described,  124 

difference  of  composition  in  various 

specimens,  125 

analyses  of,  by  Klaproth,  Peschier, 


and  Rose,  125 
Mica  schist,  general  characters  of,  180 

contorted  lamination  of,  180 

—  —  obscure  stratification  of,  181 

how  differing  from  gneiss,  181 

Microcosmic  salt  used  as  a  flux,  102 
Microscopic  sliells,  chalk  partly  com- 
posed of,  334 


Milk  quartz  deteribod,  121 

Mindiwao,  eruption  in,  447 

Mineral  manures,  22 

Mineral  veins  of  the  Cambrian  lystein 
205 

Carboniferous  system,  369 

Poikilitic  system,  274 

Silurian  system,  213 

Minerals,  ordinary  reoeptaoles   of  cer- 
tain, 18 

how  discriminated,  71 

chemical  charaoten  of,  93 

external  characters  of,  73 

adhesion  to  tongue,  W 

colour,  87 

double  refraction,  88 

electric  properties,  89 

flexibility  and  elastiGily,  88 

fracture,  83 

frangibility,  86 

hardness,  86 

lustre,  86 

magnetio  properties,  89 

odour,  88 

—  phosphorescence,  90 

specific  gravity,  90 

stain,  89 

streak  or  powder,  89 

taste,  88 

touch,  88 

transparency,  86 

•  particular  forma  of,  74 

Mineralization  of  organic  remains,  340 

Mineralogical  classification  inappUoable 
to  the  fossiliferous  rocks,  154 

Mineralogy,  facilities  for  the  study  of, 
afforded  by  local  museums,  71 

Mines,  greatest  depth  of,  149 

Mining  Record  Office  and  Moseum  of 
Economic  Geology,  21 

Miocene,  explanation  of  the  term, 
345 

Miocene  and  Pliocene  epoch,  distri- 
bution of  their  mammalian  remains, 
379 

Miocene  strata,  36 1 

faluns  of  the  Loire,  361 

Missisippi,  delta  of  the,  427 

breadth  of  the  alluvial  plain,  428 

changes  in  the  channel  of  the  river, 

428 


floods,  428 

growth  of  land,  42& 

organic  remains  imbedded  in   its 

sti-ato,  429 

rafts,  428 

Mitscherlich,  production  of  artificial 
crystals  by,  129 

discovery  of  isomorphism  of  cry- 
stals by,  82 
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Modem  group,  fonnatioiui  included  un- 
der the  term,  407 

separated  in  England  from  the 

Tertiary  series  by  the  Erratic  Block 
group, 407 

Modem  marine  deposits,  486 

Molasse  of  Switzerland,  363 

Molluscs  of  the  Carboniferous  system, 
247 

Cretaceous  system,  327 

• —  Oolitic  system,  296 

— •  Poikilitic  system,  267 

Tertiary  series,  366 

Molybdates,  detection  of,  by  reagents, 
111,  114 

Monkey  tribe,  their  remains  discovered 
in  Tertiary  stnta,  366,  378 

Montpellier,  Tertiary  deposits  of,  363 

Morea,  strata  similar  to  the  Subapen- 
nine  marls  found  in  the,  376 

Morvan,  mountain  system  of,  470 

Mosasaurus,  teeth  of  (figure),  331 

Mount  Viso,  mountain  system  of,  470 

Mountain  chains,  theory  of  the  succes- 
sive elevation  of,  41,  468 

— ^  —  facts  for  and  against,  471 

Mountain  systems  of  Europe,  469 

Mud,  calcareous,  of  the  Bermudas, 
334* 

Mundesley  and  ,Cromer,  contortions  of 
diluvial  strata  near,  406 

Munster  coal  district,  240 

Murchison,  on  the  mutual  co-operation 
of  geologists,  2 

on  the  Silurian  system,  196,206 

search  for  the  muschelkalk  in  Eng- 
land recommended  by,  268 

Murchison  and  Sedgwick  on  the  Ter- 
tiaries  of  Vienna  and  Lower  Styria, 
363 

—  refer  the  culroiferous  beds  of 

Devonshire  to  the  Carboniferous  era, 
210 

—  —  their  proposed  name  of  Devo- 
nian system  for  the  old  red  sandstone 
and  its  equivalents,  194 

Murex  alveolatua  (figure),  368 

Muschelkalk,  not  &und  in  England, 
264 

characteristic  fossils,  268 

search  for,  recommended,  268 

Museum  of  Economic  Geology,  21 

Nassa  reticosa  (figure),  368 

Natural  and  reveided  religion,  different 
objects  of,  36 

Nautilus  imperialis  (figure),  367 

Neckar,  M«,  on  the  connection  of  igne- 
ous rocks  and  metallic  veins,  476 

Neritina  concava  (figure),  367 


Netherlands  and  South  WalM,  noUA- 

tain  system  of,  469 
Neuropteris  Loshii  (figure),  268 
New  red  sandstone,  its  distribution,  cha- 
racteristics, and  organic  remains,  266, 

271, 272 
•—  covers  a  portion  of  the  South 

Staffordshire  coal^eld,  236 
Niagara^  fiaJls  of,  417 
their  progress  towards  Lake  Erie, 

418 
Nickel,  detection  of,  by  reagents,  1 16, 1 18 
Niger,  delta  of  the,  its  extent,  480 
Nile,  delta  of  the,  426 
elevation  of  the  soil  of  Upper  Egypt 

by  the  deposits  of  the,  426 
changes    in    the   number   of  its 

mouths,  426 
Nitrates,  detection  of,  by  reagents,  110 
Nitrogen  described,  68 
Nitrogen  and  hychx>gen,  various  com« 

pounds  of,  68 
Noble  serpentine  described,  132 
Non-alkaline  earths,  67 
Non-metallic  solids  and  fluids,  69 
Normandy,  resemblance  of  the  Oolitio 

rocks  of,  to  those  of  England,  288 
North  and  South  Downs  described,  336 
North  Staffordshire  coal-field,  232 
North  Wales  coal-field,  235 
Northern  coal  district  of  England,  ex- 
tent, 227, 231, 232,  233 
principid  beds,  228,   231,   232, 

233 

dikes,  229 

produce  and  consumption,  830, 

231,  232 
-»-^  •—•  probable  duration  of  the  field, 

230 
Northumberland  and  Durham  coal-field, 

227 
Norway,  proofs  of  the  rise  of  portions  of 

its  sur&ce,  391 
Norwich   crag,  where   best  exhibited, 

373 

determination  of  its  age,  373 

Nottinghamshh^  coal-field,  231 

Nova  8cotia>  carbonaceous  deposits  of, 

242 
Nummulite  and  hippurite  limestones  of 

Southern  Europe,  327 
Nummulites  elegans  (figure),  329 

Obsidian  described,  172 

Ocean,  estimated  mean  depth  of,  439 

Oceanic  origin  of  the  Cretaceous  system, 

333 
Odour  of  minerals,  88 
Old  red  sandstone  fonnaikm,  tl9 
distribution  in  Ir^aai,  tM 
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Older  Secondary  rocks,  synonyms,  192 

divisions,  193 

Oolite,  lower,  formation,  297 

subdivisions,  297 

coal-fields    of     Scarborough    and 

Brora,  299 
range  through  England,  299 

—  oiganic  remains,  300 

middle  or  coralline,  formation,  306 

— *  subdivisions,  305 

geographical  extent,  305 

—  oi^ganic  rerauns,  300 

Portland  or  upper,  formation,  300 

range,  306 

organic  remains,  309 

Oolitic  system,  synonyms,  287 

general  view  of  the  oolitic  group, 

287 

—  —  northern  and   southern   types, 

288 

—  —  English  types  applicable  to  most 
of  the  North  of  Europe,  288 

formations  and   subdivisions  in 

the  South  of  Enghmd,  289 

range  through  England,  290 

geographical  distribution,  319 

—  —  anomalous  mixture  of  fossils  in 
the  South  of  Europe,  320 

—  igneous  rocks  and  disturbances, 

821 
—  oolitic    coal-field    of  Northern 

Germany,  318 
number  of  species  belonging  to 

extinct  genera,  339 

—  organic  remains,  292,  300,  300, 


309,  313 

Ojmlescent  felspar  described,  123 

Order  of  succession  of  strata  never  in- 
verted, 169 

Organic  bodies,  both  extinct  and  exist- 
ing, part  of  one  great  chain  of  being, 
16 

experiments  on  the  mineraliza- 
tion of,  341 

changes,  geological  proofs  of,  7 

forms,  succession  of,  482 

life,  progressive  developementof,  12 


Organic  remains,  identification  of  strata 

by  means  of,  189 
of   the  Cambrian    system,    the 

earliest  yet  found,  199 

Silurian  system,  202 

Carboniferous  system,  247 

Poikilitic  system,  267 

Oolitic  system,   292,    300,  306, 

309,  313 

Lias  formation,  202 

Lower  Oolite  formation,  300 

Middle  Oolite  formation,  306 

,—  Upper  Oolite  formation,  309 


Oiganic  remains,  Wealden  foiination« 

313 

—  Cretaceous  system^  327 

—  Tertiary  series,  347,  866,  367, 

376 

Eocene  strata  in  France,  347 

—  Eocttie  strata  in  England,  356 

Miocene  strata,  362,  365 

—  —  older  Pliocene,  367 

—  —  newer  Pliocene,  375 

Modem  group,  414 

birds,  footsteps  of,  271 

human  remains,  414 

marsupial  animals,  footsteps  ascrib- 
ed to,  271 

reptiles,  first  appearance  of,  268 

Oiiganic  worid,  changes  in  the^  7>  12 
Orthis  antiqua  (figure),  208 
Orthoceras  undatum  (figure),  246 
Oscillations  of  the  earth  proved  by  the 
state  of  the  columns  of  the  temple  of 
Serapis  at  Puzzuoli,  389 
Osmium,  detection  of,  by  reagents,  109 
Osseous  breccias  of  the  MediterraneaD, 
386 

Ossiferous  caverns,  general  siinaiion  of, 
382 

of  England,  384 

—  Germanv,  383 

Ostrea  carinata  (figure),  329 

deltoidea,  307 

Outlier,  explanation  of  the  term,  161 

Overlap,  explanation  of  the  term,  IGl 

Owen,  :Mr.,  on  the  fossil  remains  of  the 
London  clay,  356 

Oxford  clay  described,  305 

Oxides  of  antimony,  detection  of,  by  re- 
agents, 109 

Oxide  of  clirome,  detection  of,  by  re- 
agents, 1 1 1 

iron  described,  137 

varieties  of,  137 

lead,  detection  of,  by  reagents,  117 

tin,  detection  of,  by  reagents,  114 

Oxygen  described,  67 

Pacific,   coral  isles  and  reefs  of  the. 

441 
separable  into  two  divisions,  which 

occupy  alternate  bands,  441 
lagoon   islands  and    barrier   reefs 

indicate    movements    of   depression, 

443 
Paheozoic,  name  proposed  for  the  oldest 

fossiliferous  strata,  196 
Palladium,  detection    of,  by  reairents. 

112 

Palms   of   the    Carboniferous    system, 

251 
Paludina  elongata  (figure),  367 
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Pampas,  tertiary  strata  of  the,  377  * 

Paris  basiD,  tertiary  formations  of  the, 
345 

investigated     by    Cuvier    and 

Brongniart,  345 

— —  —  their  fossil  remains,  347 

alternation  of   freshwater  and 

marine  formations,  347 

Parma,  thickness  of  the  Sub-apennine 
marls  at,  374 

Parrot  coiJ,  its  proportion  of  bitunen, 
221 

Particular  forms  of  minerals,  73 

Peat  bogs,  extent  in  Ireland,  413 

—  how  caused,  413 

human  bodies  preserved  in,  413 

Pecopteris  Bucklandi  (figure),  249 

Pecten  lamellosus  (figure),  300 

quinquecostatus,  32G 

Penine  cludn,  in  the  North  of  England, 
produced  by  an  enormous  fault,  162 

Pentacrinus  Briareus  (figure),  293 

Pentamems  Knightii  (figure),  208 

Peperino  described,  173 

Peranzabulo,  church  of,  overwhelmed  by 
sand,  414 

Persia,  carbonaceous  deposits  of,  242 

Peschier,  analysis  of  mica  by,  125 

Phillips,  I.,  on  the  relation  of  the  pro- 
ductiveness of  metallic  veins  to  the 
nature  of  the  rock,  263 

on  the  carboniferous  limestone  for- 
mation, 220 

Phillips,  W.,  his  description  of  chiasto- 
Ute,  139 

Phonolite,  or  clinkstone,  described,  124 

Phosphates,  detection  of,  by  reagents,  110 

Phosphorescence  of  minerals,  90 

Phosphorus  described,  60 

Piedmont,  Pliocene  strata  of,  363 

Pilas,  COte  d'Or,  and  Erzgcbii^,  moun- 
tain system  of  the,  470 

Pingel  and  Graah,  on  the  subsidence  of 
Greenland,  391 

Pisolite  described,  305 

Pitchstone  described,  171 

Placoid  fishes,  scales  of,  328 
Plagiostoma  giganteum  (figure),  293 

rigidum,  307 

Planes  of  a  crj-stal,  76,  77 
Planorbis  lens  (figure),  357 
Plants,  fossil,  of  the  Carboniferous  sys- 
tem, 248 
■         lower  Oolite  formation,  300 

Wealden  formation,  313 

Plasma,  a  variety  of  quartz,  122 
Plastic  clay  of  the  Paris  basin,  348 
Platinum,  ordinary  locality  of,  18 

detection  of,  by  reagents,  113, 115 

Plosiosaurus  described,  296 


Plesiosanms  dolichodeiros  (figure),  296 

Pleurotoma  prisca  (figure),  357 

Pliocene,  newer,  strata  of  Sicily,  375 

Pliocene  strata,  older,  367 

Plutonic,  or  hypogene  rocks,  formation 
of,  463 

Plynlymmon,  or  Upper  Cambrian  form- 
ation, 202 

Po,  elevated  channel  of  the,  how  pro* 
duced,  422 

Poikilitic  rocks,  alteration  effected  in, 
by  contact  with  igneous  rocks,  280 

Poikilitic  system,  synonyms,  264 

general  view  of  its  characters 

in  England,  France,  and  Germany, 
264 

British  series,  265 

red  sandstone  formation,  265 

—  magnesian  limestone  formation. 


265 


—  —  German  series,  266 — ^muschel- 
kalk,  zechstein,  keuperschiefer,  roth- 
todliegende,  266 

oi^ganic  remains,  267 

—  —  geographical  distribution^  275 

mineral  products,  278 

igneous  rocks,  2B0 

disturbances,  281 

' oblique  lamination,  281 

origin  of  its  peculiar  mineral 

characters  obscure,  282 
number  of  species  belonging  to 

extinct  genera,  339 
Polar  sea,  currents  of  the,  434 
Poles,  currents  from  the,  to  the  tropics, 

cause  of,  433 
Porphyry,  varieties  of,  170 
Porthmd  oolite  described,  306 

dirt-bed  of  the,  309 

Potamides  cinctus  (figure),  367 

Potassa,  behaviour  of,  with  reagents,  1 18 

Potassium  described,  64 

Powder  of  minerals,  89 

Prase  described,  122 

Precipitates,  mode  of  distinguishing,  117 

Primary,  explanation  of  Uie  term,  as 

used  in  this  work,  195 
Primary  forms  of  crystals,  77 
Primary,  or  non-fossiliferous  stratified 

rocks,  general  description  of,  179 
may  be  divided  into  the  Gneiss  and 

Mica  slate  systems,  183 

geographical  distribution,  184 

—  controversy  respecting  their  origin, 
185 

Primary  strata,  contain  few  calcareous 
rocks,  183 

most  abundant  memben^  183 

Producta  calva  (figure),  269 
horrida,  269 
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ProdueU  Ikfartini  (flgnre),  246 

—  puilotata,  246 
— ~  Bcabrieula,  240 

Progressive  developement  of  animal 
life,  12 

Protosnlphnret  of  iron^  mode  of  prepa- 
ration, 105 

Pterodactyl  described,  303 

Pterodact^duB  longirofltris  (figure),  804 

Pteropliyllum  Nelsoni  (figure),  301 

»         pecton,  801 

Pumice  described,  172 

Purbeck  beds  described,  81 1 

Pnzzuoli,  prooft  of  oscillations  of  the 
earth,  near,  S89 

Pyrenees,  temperature  of  the  tliennal 
springs  of  the,  466 

Pyreneo-Apennino  mountain  system,  470 

Pyrites,  iron,  described,  138 

Pyroxene,  or  augite,  described,  128 

its  affinity  to  hornblende,  120 

QuADERSAKDSTEiN  of  Germany,  201 
Qualitative  analysis,  72 

■    —  mode  of  conducting,  78, 106 

—  —  characters  exhibited  by  the  sub- 
stances treated,  107 

Quantitative  analysis,  72 
Quartz,  description  of,  120 

—  varieties  of,  121 

Quartz  rock,  described  by  Dr.  M'Cul- 
loch,  182 

Raffles,  Sir  Stamford,  his  account  of 
the  eruption  in  Sumbawa,  453 

Rain-drops,  impressions  of,  in  the  Poiki- 
litic  system,  274 

Reagents  employed  in  qualitative  ana- 
lysis, lOG 

Reefs,  coral,  of  the  Pacific,  441 

Refraction,  doublo,  of  minerals,  88 

Regular  forms  of  minerals,  75 

Religion,  revealed,  discoveries  of  geology 
not  hostile  to,  33 

■  different  objects  of  natural  and 
revealed  religion,  35 

Reptiles,  fii-st  found  in  the  Poikilitic 
s^istem,  2G8 

—  Cretaceous  system,  331 
——  of  tlie  Lias  foi-mation,  295 

Wealden  formation,  314 

Rhine,  moimtain  system  of,  469 
Rhodium,  detection  of,  by  reagents,  115 
River  deposits,  their  study  an  important 

part  of  geological  investigation,  415 

■  atmospheric  action  on  rocks,  415 

erosive  action  of  j  ivers,  416 

Auvergne,  Sicily,  Canada,  417 

sinuosities  of  rivers,  418 

excavation  of  valleys,  419 


River  deposits,  detritafl  deputed  on  the 

land,  421 

in  the  sea,  423 

deltas,  424—430 

estuaries,  437 

Road-making,  applicatioii  of  geology  te, 

B6 
Roasting,  or  calcining,  a  blow-pipe  (^ler- 

ation,  101 
Rock,  geological  meaning  of  the  Urm, 

161 
Rock  crystal  described,  121 
salt,  not  peculiar  to  the  PoUdlitk 

system,  278 
Rocks,  atmospheric  aotion  on^  416 
—  classification  of,  162 
— —  aqueous  and  igneous,  l&S 

crystalline  and  sedimentary,  169 

stratified  and  unstratifted,  169 

Rose,  analysis  of  mica  by,  125 
Rothtodli^nde,  the  lowest  bed  of  the 

German  sandstones,  906 
Russia,  Soathem,  oarbonaceous  depodti 

of,  242 

Sabine,  Captain,  on  the  detritm  of  the 

Maranon,  440 
Saltworks  of  England,  high  antlqaitT  o^ 

278 
Sand,  blown,  414 
Sands  and  sandstones,  npper  marine,  of 

the  Paris  basin,  349 
Sandstone,  new  red,  235,  266,  371,  272 

old  red,  217 

distribution  of,  in  Ireland,  240 

Sandstones,  red,  question  as  to  the  origin 

of  their  colour,  284 
Sandy  dunes,  increase  of,  on  the  shores 

of  the  Bay  of  Biscay,  414 
Sardinia,  mountain  system  of,  470 
Saurians  of  gigantic  dimensions   found 

in  the  Oolitic  formations,  296,  300 
of  the  Tertiary  era  differ  but  little 

from  the  existing  species,  S4S 
Savoy,     temperature    of    the    thermal 

springs  of  Aix  les  Baines,  406 
Scales  of  fossil  fishes,  328 
Scandinavian    Peninsulai   elevation    of, 

390 
Scaphites  obliquus  (figure),  329 
Scarborough,  oolitic  coal-field  of,  209 
Schist,  argillaceous,  described,  183 

clilorite,  181 

hornblende,  182 

mica,  180 

talcose,  182 

Schori,  described,  138 

varieties  of,  139 

Sciaccfl,   Inland  of,   etnicture   of,     173 
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8cotIand9  ciirboiiife)*diui  letieft  in  Aimn^ 

267 
■ "'  ■  course  of  the  diluvial  GurrentSi  395 

—  footsteps  of  terrestrial  tortoises  diB- 
covered  in  the  new  red  sandstone,  268 

—  oolitic  coal-field  of  Brora,  299 

— —  peculiar  character  of  the  coal-fields^ 
283,  267 

—  raised  estuary  deposits  of  the  Qjrde, 
372 

till,  a  local  name  for  diluvium,  372 

age  of  the  tertiary  marine  deposits 

of  the  south,  372 
Scouler,  Dr.,  his  discoverj  of  marine 

shells  in  the  diluvium  of  Ireland,  403 
Scripture,  language  of,  accommodated  to 

popular  notions,  36 
-^—  and  discoveries  of  geology,  not  at 

variance,  33 
—  the  recent  origin  of  man  a  point 

of  agreement,  486 
8crope'8  arrangement  of  lavas,  172 
Sea, erosive  action  of  the|UponcoaBts,434 
■'       detritus  deposited  iiij  423 
our  present  continents  once  covered 

by  the,  481 
Secondary  forms  of  crystals,  77 
Secondaiy  rocks,  older,  explanation  of 

the  term  as  used  in  thk  work,  lOd 

—  — .  newer^  264 
'-  older,  196 

Secondary  systems,  proportion  of  species 

belonging  to  extinct  jronera  in  the,  330 
Secular  refrigeration  of  the  earth|  theory 

of,  468)  477 
Sedgwick,  Professor,  on  the  Cambrian 

system,  196 

on  the  Poikilitic  system,  265 

on  the  coal  formations  of  the 

north  of  England)  19 

on  cydes  in  geology,  14 

on  diluvial  phenomena,  41 

Sedgwick  abd  Murchison^  description  of 

the  Styrian  Tertiary  deposits,  368 
their  propooed  Devonian  system, 

194,  209,  216 
Sedim^it,  difiiision  of,  by  currents,  439 
Selenite  described,  135 
Selenium  described^  61 
S^eniuretfl,  behaviour  with  reagents,  108 
Serapis,  temple  of,  at  Puzzuol^  oscilla- 
tions of  the  earth  proved  by  the  state 

of  its  columns,  369 
Serpentine  described,  132 

varieties  of,  132 

analyses  of,  by  Hisenger  and  John, 

132 
Serpentine  and  diallage  rook,  167 
Serpents,  fossil,  found  in  the  Isle  of 

She^pey,  356 


Severn,  height  of  the  tidal  wave  in  thoi 

431 
Sewalik  Hills,  Tertiary  strata  of  the,  377 
Shells,  difficulty  of  distinguishing  Ter* 

tiary  and  recent  species,  371 

—  beds  of,^in  South  America,  377 
Shells  of  the  Cambrian  system,  200 

—  —  Carboniferous  system,  247 

Cretaceous  system,  327 

Oolitic  system,  292,  300,  306, 

309,  313 
Poikilitio  system,  267 

—  —  Silurian  system,  206 

Tertiary  series,  345,  356,  368,* 

369,  373,  374 
Shells  of  the  crag,  369 

deltas  of  the  Mediterranean,  425 

estmuy  of  the  Clyde,  372 

the  Subapennine  marls,  374 

Shoppey,  Isle  of,  fossil  boa  found  in  the, 

356 
Shore,  indentations  of,  dependent  on  the 

nature  of  the  strata,  434 
Shrewsbury  ooal-field,  236 
Siberia,  fossil  remains  of  elephants  found 

in,  410 

—  its  climate  formerly  more  tempe- 
rate, 410 

Sicily,  newer  Pliocene  strata  of,  375 

— ^  crater  of  Etna,  461 

Sigillaria  pachyderma,  trunk  and  bark  of 

(figure),  263 
Sigillaria)  of  the  Carboniferous  system, 

262 
Silicates,  behaviour  with  reagents.  111 
Silicum  described,  68 
8ilted-up  estuaries,  437 
Silurian  system,  its  general  characters, 

205 
■       -^  synopsis  of  its  subdivisions,  207 

—  —  organic  remains,  206 

■  ■■  ■  —  geogra{>hioal  extent,  211 

^—  —  igneous  rocks,  212 

Silver,  detection  of,   by  reagents,  112, 

115 
Silvery  chlorite  described,  126 
Simeto,  passage  through  lava  cut  by  the, 

417 

Simple  or  elementary  substances,  47 
Simple  minerals  distinct   from  sunple 

bodies  of  the  chemist,  54 
entering  into  the  composition  of 

rocks,  120 
Sinuosities  of  rivers,  419 
Skaptar  Jokul,  eruption  of,  452 
Slate  recks  of  Devonshire,  controversy 

respecting,  209 
Smith,  WiSiam,   his   identification   of 

strata  by  orglmic  remains,  180 
his  geoki;ical  ttu^p  of  England,  llMl 
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Smith,  Mr.5  of  Jordan  HiU,  on  the  shells 
of  the  till  and  the  estuary  of  the  Clyde, 
372,  407 

Snowdonian,  or  Lower  Cambrian  forma- 
tion, 201 

8oapstone,  or  steatite,  described,  131 

Societylslands,  their  coralforniations,'442 

Soda,  detection  of,  by  reagents,  118 

used  as  a  flux,  102 

Soda  felspar  described,  123 

Sodium  described,  64 

Soils,  the  most  productive,  arise  from  a 
mixture  of  various  earths,  22 

Solids  and  fluids,  non-metallic,  59 

Solutions  of  continuity  in  the  series  of 
stratified  rocks,  147 

Somersetshire  and  South  Gloucestershire 
coal-field,  238 

'*  Soundings,'*  their  extent  and  direc- 
tion, 438 

South  America,  alternations  of  Tertiary 
and  volcanic  beds  in,  377 

extinct  mammalia,  377 

South  Atlantic  current,  course  of  the, 
433 

South  Downs  described,  336 

South  Lancashire  coal-field,  232 

South  Stafibrdshire  coal-field,  233 

absence  of  carboniferous  lime- 
stone, 234 

extension  beneath  the  new  red 

sandstone,  235 

Soutli  Wales  coal-field,  237 

mountain  system  of,  461) 

South  Yorkshire  coal-field,  231 

South-western  coal  district  of  England, 
extent,  237 

number  of  beds,  238 

thickness,  239 

Southern  Russia,  cai'bonaceous  deposits 
of,  242 

Spain,  strata  contemporaneous  with  the 
Subapenniue  mai'ls  found  in,  375 

Spatangus  coranguinum  (figure),  326 

Species,  hypothesis  of  transmutation  of, 
12 

—  proportions  of,  belonging  to  extinct 
genei'a  in  the  Cambiian  and  Silurian 
systems,  339 

Carboniferous  system,  339 

■         —  Cretaceous  system,  339 

—  —  Oolitic  system,  339 
—  Poikilitic  system,  339 


Specific  gravity,  method  of  determining, 

90 
vanations  of,  in  different  speci- 
mens of  the  same  mineml,  92 
Specular  iron  described,  137 
Sphenopteris  Hibberti  (figure),  249 
Spirifcra  attenuala  (figure),  246 


Spirifera  irigonalis  (figure),  246 

undulata,  268 

Springs  of  the  Carboniferons  strata,  SO 

Staffordshire,  North,  poal-field,  232 

South,  coal-field,  233 

Statuary  marble,  183 

Steatite,  or  soapstone,  described,  131 

analyses  of,  by  Vanquelin  and  Kla- 

proth,  131 

StigmarisD  of  the  Carboniferons  syBiem, 
255 

Stockholm,  Royal  Academy  of^  their  en- 
deavours to  ascertain  the  rising  of  the 
shores  of  the  Baltic,  390 

Stone  coal  almost  destitute  of  bitomen, 
221 

Stonesfield,  remains  of  marsupial  ani- 
mals discovered  at,  304,  317 

mixture  of  marine  and  ten^strial 

remains,  298,  303 

Strata,  division  into  fos^liferooa  and 
non-fofisiliferous,  154 

denudation  of,  160 

examples  of  every  system  of,  af- 
forded by  Great  Britain,  190 

faults  in,  161 

their  zoological  more  constant  than 

their  minenJogical  character,  150      4 

^— -  inclination  of,  158 

order  of  succession  never  inverted, 

159 


outl^*ing,  161 

overlapping,  160 

thinning  off  of,  160 

var}'ing  thickness  of,  explained,  445 

Stratified  and  unstratified  rocks,  152 
Stratified  rocks,  synopsis  of,  193 
their  formation  erroneously  re- 
ferred to  the  Noachian  deluge,  39 

great  di\isions  of,  found  in  every 

country  yet  explored,  191 

depth  of  the  series,  175 

—  various  systems  of  classification. 


175 


176 


—  Lehman's  arrangement,  176 

—  Werner's  classification,  I75 

—  Conybeare*s  new  nomenclature, 


—  De  la  Beche's  classification,  I77 
Stain,  a  distinctive  character  of  mine* 

rals,  89 
Streak  or  powder  of  minerals,  89 
Strike,  or  direction  of  a  bed,  156 
Stroutian,  behaviour  of,  with  reag^ents, 

117 
Strontium  described,  66 
Structure  of  the  earth,  how  displayed  to 

the  depth  of  miles,  149 
Structure,  jointed  and  colunmar,  152 
Styria,  lower  tertiary  strata  of,  363 
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Styria,  iliicknees  of  its  coralline  lime- 
stone, 364 
Subapennine  marb,   their   lithological 
characters*  374 

division  into  groups,  374 

Submarine  shoals  connecting  the  British 

Isles  with  the  Continent,  438 
Submerged  forests,  412 
Succession  of  oi^ganic  forms,  482 

—  of  strata,  order  of,  never  inverted, 
159 

Sulphate  of  lime  described,  135 

Sulphur  described,  59 

— ^  8ulphates,8ulphurets,sulpllliric,and 
sulphurous  acids,  detection  of  by  re* 
agents,  109 

Sulphur  Island,  gaseous  exhalations  of, 
447 

Sulphuret  of  iron  described,  138 

Sumbawa,  eruption  in,  452 

Summary  of  admitted  facts  and  infer- 
ences in  geology,  480 

— -  crust  of  the  earth  composed  of  both 
igneous  and  aqueous  rocks,  480 

its  materials  arranged  in  a  deter- 
minate order,  480 

•^—  the  stratified  often  pierced  by  the 
unstratified  rocks,  480 

igneous  origin  of  the  unstratified 

rocl^,  481 

granite  more  recent  than  the  strata 

it  traverses,  481 

crystalline  strata,  sedimentary  de- 
posits altered  by  heat,  481 

our  present   continents  once  the 

bed  of  the  sea,  481 

^— •  succession'  of  organic  forms,  482 

lapse  of  time,  482 

—  elevation  of  land,  483 

at  successive  epochs,  483 

probably  by  sudden  convulsions^, 

483 
internal  heat,  483 

—  change  of  climate,  484 

—  —  its  cause  unknown,  484 
——gradual  passage  from  the  paBt  to 

the  present  state  of  things*  485 
recent  origin  of  man,  486 


Supreme  Intelligence,  extinct  and  exist- 
ing oiganic  bodies  alike  the  production 

'   of  one,  16 

Sweden,  proofs  of  the  elevation  of  the 
land  in,  389, 390 

Switzerland,  molasse  of,  363 

Syenite,  described,  166 

Synclinal  and  anticlinal  lines,  157 

Syria,  nature  of  the  deposits  on  the  coasts 

:    of,  425 

Syringipora  cespitosa  (figure),  243 

ramulosay  243 


Talaeooch  Mine,  de  rital  deposits  of, 

401 
Talc  described,  125 

varieties  of,  125 

Talcose  schist,  how  distinguishable  from 

mica  and  chlorite  schist,  182 
Taste,  a  distinctive  character  of  some 

minerals,  88 
Tellurium,  telluriurets,  behaviour  with 

reagenti^  109 
Temperature,  high,  of  the  interior  of  the 

earth,  466 
—  an  admitted  fact   in  geology, 

483 
-^  varioi&s  theories  as  to  its  cause^ 

467,  468,  472 
presumed  origin  of  volcanos, 

earthquakes,  thermal  springs,  and  mi- 
neral veins,  465,  466,  467,  474 
Ten-yard  coal,  the,  234 
Terebratula  camea  (figure),  326 

coarctata,  301 

digona,  301 

lyra,  326 

masuUata,  301 

plicatilis,  326 

Terms,  explanation  of,  156 
Ternary  compounds,  51 
Tertiary  series,  342 

synonyms,  342 

—  lithological  and  zoological  charac- 
ters, 342 
divisions  and  nomenclature  of  Mr. 

Lyell,  345 

Eocene  strata  in  France,  345 

'  —  in  England,  354 

Miocene  strata,  361 

older  Pliocene  strata,  367 

newer  Pliocene  strata,  375 

extra-European  Tertiaries,  376 

ossiferous  caverns,  383 

Tertiary  strata,  in  America,  376 

India,  377 

no  human  remains  found  in,  378 

Test  papers,  104,  106 

Thermal  springs  abound  in  volcanic  re* 

gions,  465 
—  indicative  of  dormant  volcanic 

eneigy,  449 

—  temperature  of  various,  466 

Thinning  ofi^  of  strata,  160 
Thorina  and  thorium  described,  70 
Thuringerwald,  mountain  systmn  of  the^ 

470 
Tides,  the,  inconsiderable  at  ft 

from  continents,  430 
height  of,  in  the  Mrtilj 

431 

English  Chamifll,  4SI 

— -  —  Guemsej}  431 
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Tides,  Ibej  fidght  (>f|  VAriAiion  abng  the 

English  coast,  432 
velocity  of,  in  the  DrUtol  Channel, 

432 
w—  —  Orkney  Islands,  438 
Till,  a  depottt  in  the  south  of  Scotland, 

372 
Tin,  ordinary  locality  of,  18 

oxide  of|  how  distinguished,  114 

Titanates,  detection  of,  by  reagents,  112 
Tongue,  adheidon  to  the,  a  distinctire 

cluuticter  of  some  minerals,  60 
Tortoises,  terrestrial,  footsteps  of^  dis* 

covered  in  the  sandstone,  268 
Touch,  a  distinctive  character  of  some 

minerals,  88 
Toxodon,  extinct   manunal^    found  in 

South  America,  377 
Transmutation    of  species^    Lamarck's 

hypothesis  of,  12 
Ti-ansparency,  a  distinctive  character  of 

some  minerals,  86 
Trap  rocks,  alteration  caused  in  stititi- 

ficd  beds  by  contact  with,  880 
associated  with  red  oonglomenites 

in  Devonsliire,  how  considmd  to  have 

been  produced,  880 
principal  diflPieretice  between^  and 

the    products    of    active    volcanos, 

171 
Trigouia  alifbrmis  (figurs)^  826 

gibbosa,  300 

Tropic8»  Gun-ents  from  the  poles  towards 

the,  433 
general   tendency  of  the   waters 

within  the,  433 
Tnmcation  of  crystals,  77 
Tufa,  origin  of,  173 
Tungstatcs,  detection  of,  by  reagents, 

111,  115 
Turf  moors,  413.     See  Peat  boos. 

Ukcon  FORM  ABLE  and  conformable  po- 
sition, 158 

Unio  acutus  (figure),  268 

Solandri,  357 

United  States,  carbonaceous  deposits  of, 
242 

Unstratified  rocks,  enumeration  of,  162 

description  of,  163 

observations  on  their  composi- 
tion and  structure,  173 

*—  —  striking  similarity  among  them, 
173 

pass  into  each  other  by  insen- 
sible gi*adations,  173 

. difierences  between  the  mem- 
bers of  the  group,  174 

—  their  igneous  origin  now  uni- 


versally acknowledge,  174 


Unstratified  rocks,  the  WenKMiaa  doc* 

trine  respecUng  them,  174 
Upper  marine  sands  and  sandfltoaea  oi 

the  Paris  basin,  349 
Uranium,  detection  of,  by  reage&ta,  lU 

117 

Valleys  of  denudation,  4S1 

elevation,  420 

excavation  of,  419 

the  result  of  several  independent 

causes,  420 
Variegated  marls,  oi^ganic  remains  feuni  I 

in,  265 
Vauquelin,  analyses  of  earthy  chldrite, 

slaty  chlorite,  and  green  earthy  by 

127 

steatite,  131 

Vegetatioii  of  the  Carboniferous  era,  251 
Veins,  metallic,  of  the  Carboniferous 

system,  more  recent  than  the  strata 

which  they  traverse,  268 
— -  —  variation  in  theirproductivenen, 

262 
Velay,  extinct  volcanoB  of,  461 
Vendue,  La,  mountain  system  o^  470 
Ventilation  of  coal  mines,  829 
Vesuvius  and  Etna,  cmters  of,  451 
Vienna,  basin  of,  deposits  of,  866 
Vivipara  paludina  (figure),  318 
Voloanic  action  and  earthquakes,  pri- 
mary pause  of,  unknown,  467 

chemical  hypothesis  of  Davy,  467 

hypothesis  of  central  heat,  468 

expansion  of  Uquid  gases,  478 

Volcanic  band  of  the  Asiatic  Isles,  447 
beds,  alternation  of,  with  Tertiary 

strata,  in  South  Ammca,  377 
grits,  how  distinguished  from  ordi- 

nary  eandstonest  173 
— —  rocks,  variety  of  simple  nun^rals 

contained  in,  I7I 
—  division  of,  I7I 


Volcanos,  structure  of,  and  mode  of  for^ 

mation,  449 
difficulty    of  defining   the    limita 

between  active  and  extinct,  449 

theory  of  craters  of  elevation,  456 

their  variousproducts,  171 — 173,464 

cratov  of  £tna  and  Vesuvius,  451 

phenomena  of  eruption,  452 

Volcanos,  active,  446 

their  geogra^ical  distribntion,  447 

most  extensive  line  of,  447 

difference  between  their  products 

and  trap  rocks,  I7I 
Volcanos,  extinct  of  the  Eifel  and  Au- 

vergue,  460 
mammiferous   remains   found  foe* 

ncaih  lava  cun-ents,  4G1 
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Volcanos,  extinct,  division  into  anie-dilu- 

vian  and  poet-diluviany  462 
Voicanos,  insulated,  448 

submarine,  454 

Graham  Island,  465 

Sabrina  Island,  454 

Yolhynia  and  Podolia,  Miocene  strata  of, 

365 
Voluta  ambigua  (figure),  357 

Lamberti,  368 

Von  Bucli,  classification  of  Tolconos  by, 

446 

—  —  on  the  elevation  of  the  coasts  of 
the  Baltic,  390 

theoryof  craters  of  elevation,  456 

Vosges  and  Calvados,  mountain  system 
of  th^,  469 

Wales,  range  of  the  Cambrian  system 
in,  200 

-^  Silurian  system,  205 

geological  sections,  203,  394,  397» 

398,  399,  401,  402 

North,  coal-field  of,  233 

'  —  conchiferous  gravel  of,  errone- 
ously classed  with  rmsed  beaches,  392, 
402,  403 

found   covering   mammalian 

remains  in  an  ossiferous  cavern,  400 

diluvial  deposits  of,  described, 

396 

South,  coal-field  of,  237 

and  tlie  Netherlands,  mountain 

system  of,  469 

Warwickshire  coal-field,  233 

Waste  of  the  eastern  coast  of  England, 
435 

Watt,  Mr.,  his  experiments  on  the  form- 
ation of  basalt,  165 

Waves  of  the  sea,  under  wliat  circum- 
stances their  destructive  effect  is 
greatest,  435 

Wealdcn  formation,  31 1 
'  subdivisions,  31 1 

organic  remains,  313 

—  a  delta  de|)osit,  317 


Wealden  clay, described,  312 

Webster,  Mr.,  on  the  freshwater  forma- 
tions of  the  Isle  of  Wight,  359 

Werner,  defect  of  his  system,  l^d' 

his  classification  of  stratified  rocks, 

175 

West  Indies,  volcanos  of  the,  448 

circular  coral  islands  not  found  in 

the,  442 

Westmoreland  and  the  Hundstmck, 
mountain  system  of,  469 

Western  coal  district  of  England,  extent, 
235 

thickness,  235 

alternation  of  beds,  236 

White  silvery  chlorite  described,  126     - 

Whitehaven  coal-field,  232 

Wight,  Isle  of,  freshwater  Tertiary  for- 
mations, 359 

marine  Tertiary  formations,  360 

Winds,  elevation  of  the  surface  of  water 
by,  432 

Woodbridgc,  organic  remains  found  in 
Eocene  strata  at,  356 

Yellow  quartz  described,  121 

Yoredale  rocks,  a  portion  of  the  Carbo- 
niferous limestone  formation,  220 

Yorkshire,  Oolitic  coal-field  of  Scarbo- 
rough, 299 

shells    resembling    thoso    of    the 

Norwich  crag  found  in,  374 

'         waste  of  its  coast  by  the  sea,  435 

South,  coal-field,  231 

and  Forfarshire,  post-tertiary  la- 
custrine deposits  of,  411 

Yttria,  detection  of,  by  reagents,  1 17 

Yttrium  described,  69 

Zechsteiv,  264,  266 

Zinc,  behaviour  of,  with  reagents,  1 15, 1 18 

Zirconia  described,  70 

detection  of,  by  reagents,  1 17 

Zoophytes  of  the  Carboniferous  system, 
247 

Oolitic  system,  292, 300 


LoxDOM : 

Harrison  and  Co.,  Priivtsrr, 

St.  Martin's  Lams. 


/ 


I 


550  T831  c  1 

Practical  gw>«ogy  and  mlnaraJo 
Stanford  Unlveratly  UbrarlM 

iHHiimii 

3   6105   032  446  234 


TS3| 


